
REMEDIAL INVESTIGATION REPORT 
FOR THE EM SCIENCE SITE 

CINCINNATI, OHIO 

OCTOBER 25, 1996 

VOLUME 1 OF 5 
TABLE OF CONTENTS 

EXECUTIVE ·sUMMARY 
CHAPTERS 1 THROUGH 7 

REFERENCES 

PROJECT NO. 0100.50.10 

PREPARED BY: 

THE PAYNE FIRM, INC. 

IN COLLABORATION WITH: 

CONESTOGA-ROVERS AND ASSOCIATES, INC. 

AND 

MINK AND ASSOCIATES, INC. 



REMEDIAL INVESTIGATION REPORT 
FOR THE EM SCIENCE SITE 

CINCINNATI, OHIO 

OCTOBER 25, 1996 

VOLUME 1 OF 5 
TABLE OF CONTENTS 

EXECUTIVE SUMMARY 
CHAPTERS 1 THROUGH 7 

REFERENCES 

PROJECT NO. 0100.50.10 

PREPARED BY: 

THE PAYNE FIRM, INC. 

IN COLLABORATION WITH: 

CONESTOGA-ROVERS AND ASSOCIATES, INC. 

AND 

MINK AND ASSOCIATES, INC. 



TABLE OF CONTENTS 

VOLUME 1 

EM Science Rl Report 
Table of Contents 
October 25, 1996 

Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii 
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
List of Sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii 
List of Acronyms and Abbreviations .................................... LAA-1 
List of Chemical Acronyms ......................................... LCA-1 

Executive Su11111Ulry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Chapter 1: Introduction 
1.1 Format of the Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2 
1.2 Site Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3 
1.3 Site Ownership and Property Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4 

1.3 .1 Development and Grading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-6 
1. 4 History of Operations and Waste Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9 
1.5 Regulatory History ............................................ 1-14 
1.6 Previous Investigations ......................................... 1-15 
1. 7 Interim Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-17 
1.8 Interim Deliverables ........................................... 1-19 

Chapter 2: Site Investigation 
2.1 Development of Rl Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2 
2. 2 Technical Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3 

2.2.1 Project Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3 
2.2.2 Project Surveying . . . . . . . . . . . ..... · . . . . . . . . . . . . . . . . . . . . . . . . 2-5 
2.2.3 Field Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5 
2.2.4 Sample Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6 
2.2.5 Analytical Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-8 
2.2. 6 Drilling and Soil Sampling Methodology . . . . . . . . . . . . . . . . . . . . . . . . . 2-8 
2.2.7 Quality Assurance Sampling ................................. 2-10 
2.2.8 Data Validation and Quality ................................. 2-11 
2.2.9 Data Management ................................... · ..... 2-12 
2.2.10 Waste Management ....................................... 2-13 
2.2.11 Areas of Investigation ..................................... 2-14 

2. 3 Site Specific Parameter List . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . 2-14 
2.3.1 Phase I Appendix IX and Radionuclide Ground Water Sampling ........... 2-15 
2.3.2 Phase ll Appendix IX Fill and Soil Samples ....................... 2-16 
2.3.3 List of SSPL Constituents ................................... 2-17 

2.4 Additional Phase II Radionuclide Sampling ............................. 2-19 

TOC.RI\HYM 
10/24/96 

-i-



TABLE OF CONTENTS 
(Continued) 

EM Science RI Report 
Table of Contents 
October 25, 1996 

2.5 SSPL Soil Borings ............................................ 2-20 
2.5.1 Phase ll Background Metals Sampling ........................... 2-22 
2.5.2 Phase II Lower Till Unit Investigation ........................... 2-23 
2.5.3 Phase IV SSPL Soil Borings ................................. 2-25 

2.5.3.1 Phase IV Sub-Phase 1 Borings .......................... 2-28 
2.5.3.2 Phase IV Sub-Phase 2 Borings .......................... 2-31 
2.5.3.3 Phase IV Sub-Phase 3 Borings .......................... 2-32 

2.6 Ground Water Monitoring ....................................... 2-34 
2.6.1 Monitoring Well Construction ................................ 2-35 

2.6.1.1 Monitoring Well Abandonment and Replacement .............. 2-36 
2.6.1.2 New Monitoring Wells .............................. 2-37 

2.6.2 Monthly Ground Water Level Measurements ....................... 2-39 
2.6.3 Background Water Sampling ................................. 2-40 
2.6.4 SSPL Ground Water Sampling Events ........................... 2-41 

2.6.4.1 Ground Water Sampling Procedures ...................... 2-42 
2.6.4.2 Phase ill Ground Water Sampling Event ................... 2-43 
2.6.4.3 Phase IV Ground Water Sampling Event ................... 2-45 
2.6.4.4 Phase VI Ground Water Sampling Event ................... 2-46 
2.6.4.5 Phase VII Ground Water Sampling Event ................... 2-47 

2.6.5 Slug and Hydraulic Gradient Tests ............................. 2-48 
2.6.5.1 Phase V Slug Testing ............................... 2-49 
2.6.5.2 Hydraulic Gradient Test at P6A ......................... 2-51 

2. 7 Air Pathway Characterization ..................................... 2-53 
2.8 Site Physical and Demographic Data ................................. 2-56 
2.9 Data Completeness ............................................ 2-57 

Chapter 3: Environmental Setting 
3.1 Regional Physical Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2 

3 .1.1 Physical Geography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2 
3.1.1.1 Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3 

3.1.2 Regional Hydrogeology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4 
3.1.3 Meteorology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8 

3. 2 Topography and Surface Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9 
3.3 Development of the Site Geological Model ............................. 3-12 

3.3.1 Graphical Methods Used to Construct the Site Geological Model .......... 3-13 
3.3.2 Presentation of Geological and Geotechnical Data .................... 3-14 

TOC.Rl\HYM 
10/24/96 

-ii-



TABLE OF CONTENTS 
(Continued) 

EM Science RI Report 
Table of Contents 
October 25, 1996 

3.4 Site Geological Model .......................................... 3-18 
3.4.1 Perched Ground Water System ................................ 3-19 

3.4.1.1 Vadose Zone ..................................... 3-20 
3.4.1.2 Perched Zone I ................................... 3-28 
3.4.1.3 Perched Zone II ................................... 3-31 

3.4.2 Confining System and Confined Aquifer System ..................... 3-44 
3.4.3 Summary of Site Geological Model ............................. 3-49 
3.4.4 Depositional History of the Site Geological Model ................... 3-50 

3.5 Potential Contaminant Migration Routes ............................... 3-51 
3.5.1 Potential Vertical Contaminant Migration Routes .................... 3-53 
3.5.2 Potential Horizontal Contaminant Migration Routes .................. 3-54 

3. 6 Potential Receptor Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-60 
3.6.1 Local Uses of Ground Water and Surface Water ..................... 3-60 
3.6.2 Demography ........................................... 3-61 
3.6.3 Land Use ............................................. 3-62 

Chapter 4: Nature and Extent of Contamination 
4.1 Site Division . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3 
4.2 Summary and Comparison of Metals Concentration in Soil and Ground Water . . . . . . . 4-6 

4.2.1 Analysis of Metals in Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-6 
4.2.2 Analysis of Metals in Perched Ground Water ....................... 4-14 

4.3 Radiological Characterization Data .................................. 4-20 
4.3.1 Radionuclide Soil Results ................................... 4-20 
4.3.2 Radionuclide Ground Water Results ............................ 4-22 
4.3 .3 Summary of Radionuclide Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26 

4.4 Dioxins and Furans ............................................ 4-27 
4.4.1 Dioxin and Furan Concentrations in Soil ......................... 4-28 
4.4.2 Dioxin and Furan Concentrations in Ground Water ................... 4-29 
4.4.3 Summary of Dioxins and Furans .............................. 4-31 

4.5 Other Analytical Data Considerations ................................ 4-31 
4.6 Nature and Extent of Contamination ................................. 4-33 

4.6.1 West Ravine ........................................... 4-33 
4.6.1.1 Upper West Ravine ................................. 4-34 
4.6.1.2 Middle West Ravine ................................ 4-38 
4.6.1.3 Mouth of the West Ravine ....... _ ..................... 4-47 

4.6.2 Area South of Building 10 .................................. 4-57 
4. 6. 3 Area South and East of Building 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-66 
4.6.4 East Ravine ............................................ 4-71 

4.7 Summary of the Nature and Extent of Contamination ...................... 4-76 

TOC.RI\HYM 
10/24/96 

-iii-



TABLE OF CONTENTS 
(Continued) 

EM Science RI Report 
Table of Contents 
Octo her 25, 1996 

Chapter 5: Contaminant Fate and Transport 
5.1 Objectives and Data Needs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2 
5. 2 Chemical Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6 
5. 3 Contaminant Transport in the Perched Ground Water System . . . . . . . . . . . . . . . . . . 5-11 

5.3 .1 Hydrogeological Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-11 
5.3.2 Methodology ............................................ 5-14 
5.3.3 Results ................................................ 5-22 
5.3.4 Uncertainty Evaluation ...................................... 5-24 
5.3.5 Conclusions ............................................. 5-27 

5.4 Contaminant Transport in the Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 5-29 
5.4.1 Conceptual Model ......................................... 5-30 
5.4.2 Volatilization from Water .................................... 5-32 
5.4.3 Current Scenario .......................................... 5-33 
5.4.4 Future Scenario ........................................... 5-34 

Clulpter 6: Baseline Risk Assessment 
6.1 Methodology of the Baseline Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2 
6.2 Data Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4 

6.2.1 Data Useability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4 
6,2.1.1 Completeness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4 
6.2.1.2 Comparability and Representativeness . . . . . . . . . . . . . . . . . . . . . . . 6-5 
6.2.1.3 Precision and Accuracy ................................ 6-10 

6.2.2 Contaminants of Concern ..................................... 6-11 
6. 3 Exposure Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12 

6.3 .1 Exposure Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-13 
6.3.2 Exposure Scenarios ........................................ 6-16 
6.3.3 Exposure Point Concentration Calculation .......................... 6-24 

6.4 Toxicity Assessment ............................................ 6-28 
6.5 Risk Characterization Results ...................................... 6-30 

6. 5 .1 Perched Ground Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-31 

TOC.RNIYM 
10/24/96 

6.5.1.1 Group I Ground Water ................................ 6-31 
6. 5 .1.2 Group II Ground Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-34 
6.5.1.3 Seep-562 and Outfall .................................. 6-38 
6.5.1.4 Seep C in 84-Inch Storm Sewer ........................... 6-39 
6.5.1.5 Modeled Future Ground Water Concentrations ................. 6-40 

-IV-



TABLE OF CONTENTS 
(Continued) 

EM Science RI Report 
Table of Contents 
October 25, 1996 

6.5.2 Areas of Soil Contamination ................................... 6-41 
6.5.2.1 Upper West Ravine .................................. 6-41 
6.5.2.2 Middle West Ravine .................................. 6-43 
6.5.2.3 Mouth of the West Ravine .............................. 6-49 
6.5.2.4 Area South and East of Building 4 ......................... 6-52 
6.5.2.5 Area South of Building 10 .............................. 6-53 
6.5.2.6 East Ravine ....................................... 6-57 
6.5.2.7 Site Wide Risk ..................................... 6-59 

6.5.3 Summary of Risks ......................................... 6-61 
6.6 Ecological Site Characterization Results ................................ 6-64 

6.6.1 Site Ecological Setting ...................................... 6-64 
6.6.2 Site Survey ............................................. 6-65 
6.6.3 Ecological Site Characterization .............................. , .. 6-66 

6. 7 Uncertainty Analysis ............................................ 6-67 
6. 7.1 Contribution of Background ................................... 6-67 
6. 7.2 Uncertainties in the Exposure Assessment .......................... 6-68 
6.7.3 Uncertainties in the Toxicity Assessment ........................... 6-77 
6.7.4 Uncertainties in the Risk Characterization .......................... 6-79 

6.8 Summary and Conclusions ........................................ 6-79 
6. 8.1 Risk Characterization Results for Ground Water . . . . . . . . . . . . . . . . . . . . . . 6-80 
6.8.2 Risk Characterization Results for Areas of Soil Contamination ............. 6-82 

Chapter 7: Summary and Conclusions 
7.1 Site Description and Relevant History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1 
7.2 Site Investigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3 
7.3 Enviromnental Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-4 
7.4 Nature and Extent of Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7 
7.5 Contaminant Fate and Transport .................................... 7-13 
7. 6 Baseline Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-15 
7. 7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-20 

List of References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . LR -1 

VOLUME2 
Tables 
Figures 
Sheets 

TOC.RIIHYM 
10/24/96 

-v-



VOLUME 3 
Appendix A 
Appendix B 
Appendix C 
Appendix D 
Appendix E 

VOLUME 4 
Appendix F 
Appendix G 
Appendix H 
Appendix I 
Appendix J 

VOLUME 5 
Appendix K 
Appendix L 
Appendix M 

TOC.RI\HYM 
10/25/96 

TABLE OF CONTENTS 
(Continued) 

Boring Logs 
Monitoring Well Construction Logs 
Slug Test Data 
Hydraulic Gradient Test Data 
Data Validation Memoranda 

Meteorological Data 
Geologic Cross Sections 
Geotechnical Data 
Ground Water Elevation Hydrographs 
Potentiometric Surface Contour Maps 

Site Specific Parameter List Analytical Data 
Contaminant Transport Modeling Data 
Example Risk Calculations and Results 

-vi-

EM Science RI Report 
Table of Contents 
October 25, 1996 



LIST OF TABLES 

CHAPTER 1 

1-1 Current Operational Buildings, Trailers, and Structures 
1-2 Historical Operational Structures 

EM Science RI Report 
List of Tables 

October 25, 1996 

1-3 Work Plan Technical Amendments, Memorandwns and Interim Action Work Plans 

.CHAPTER2 

2-1 Summary of RI Field Tasks 
2-2 Project and Field Logbook Inventory 
2-3 Summary of Analytical Methods 
2-4 Quality Control Sample Summary 
2-5 List of Data Qualifiers 
2-6 Analytical Support Levels 
2-7 RI Sample Summary by Phase 
2-8 Summary of Soil Boring Locations and Sequences 
2-9 Summary of Soil Borings 
2-10 Cumulative Summary of Ground Water Sampling Events 
2-11 Geotechnical Sampling Summary 
2-12 Site Specific Parameter List (SSPL) Constituents 
2-13 Monitoring Well Construction Data 
2-14 Monthly Water Level Data 
2-15 Turbidity Results From RI Ground Water Sampling Events 
2-16 Ground Water SSPL Sampling Constituent Summary 
2-17 Air Sampling Summary 
2-18 Geotechnical Data Representation 

CHAPTER 3 

3-1 Meteorological Data- July 1993 Through October 1995 
3-2 Description of Storm Water Drainage Areas 
3-3 X, Y, and Z Coordinates Used for the Site Geologic Model 
3-4 Site Geologic Units and Codes 
3-5 Summary of Geotechnical Laboratory Data 
3-6 Sununary of Grain Size Distributions in Geologic Units and Zones Beneath the Site 
3-7 Statistical Analysis of Geotechnical Data 
3-8 Sununary of Bouwer and Rice Slug Test Results 
3-9 Summary of Production Wells Near EM Science 
3-10 Population Data Summary Within a One-Mile Radius of the Site 

TOC.RI\HYM 
10/24/96 

-vii-



CHAPTER 4 

4-1 Background Metals in Soil 

LIST OF TABLES 
(Continued) 

4-2 Comparison of Antimony in Soil to Background 
4-3 Comparison of Arsenic in Soil to Background 
4-4 Comparison of Barium in Soil to Background 
4-5 Comparison of Beryllium in Soil to Background 
4-6 Comparison of Cadmium in Soil to Background 
4-7 Comparison of Chromium in Soil to Background 
4-8 Comparison of Cobalt in Soil to Background 
4-9 Comparison of Copper in Soil to Background 
4-10 Comparison of Lead in Soil to Background 
4-11 Comparison of Mercury in Soil to Background 
4-12 Comparison of Nickel in Soil to Background 
4-13 Comparison of Tin in Soil to Background 
4-14 Comparison of Vanadium in Soil to Background 
4-15 Comparison of Zinc in Soil to Background 
4-16 Comparison of Total Metals in Ground Water 
4-17 Comparison of Dissolved Metals in Ground Water 
4-18 Background Radionuclide Soil Results 

EM Science Rl Report 
List of Tables 

October 25, 1996 . I 

4-19 Background Radionuclide Soil Summary and Comparison With Regional Values 

4-20 Phase IV Radium Soil Results 
4-21 Phase IV Radium Soil Summary 
4-22 Phase III Unfiltered Background Radionuclide Ground Water Results 

4-23 Phase III Filtered Background Radionuclide Ground Water Results 
4-24 Gross Alpha Ground Water Results and Field Turbidity Readings 
4-25 Phase III Background Radionuclide Ground Water Results Summary 

4-26 Summary of Dioxins and Furans Detections in Soil 
4-27 Soil Samples for Electric Tape Evaluation 
4-28 Ground Water Samples for Electric Tape Evaluation 
4-29 Division of Wells 
4-30 Air Monitoring Data 

TOC.RI\HYM 
10124196 

-viii-



CHAPTER 5 

LIST OF TABLES 
(Continued) 

5-1 Physical and Chemical Properties of Detected Compounds 
5-2 Half-Lives of Detected Compounds by Degradation Processes 

EM Science RI Report 
List of Tables 

October 25, 1996 

5-3 Half-Lives of Detected Organic SSPL Constituents by Envirorunental Media 
5-4 Fate and Transport Modeling with Respect to the Site Geologic Model 
5-5 Concentrations for Off-Site Receptor Locations 
5-6 Results of Breakthrough Time Evaluation for Primary Areas of VOC Contamination 

CHAPTER6 

6-1 Summary of Detected Organic Compounds and Sample Quantitation Limits 
6-2 Exposure Assumptions for Soil Exposure Pathways 
6-3 Exposure Assumptions for Ground Water Exposure Pathways 
6-4 Toxicity Values 
6-5 SSPL Compounds Detected and Evaluated in the Baseline Risk Assessment 
6-6 Surmnary of Risk Results for Exposure to Group I Ground Water 
6-7 Summary of Risk Results for Exposure to Group II Ground Water 
6-8 Surmnary of Risk Results for Exposure of Trespassers to Surface Water 
6-9 Surmnary of Risk Results for Exposure to Future Ground Water at the Eastern Property 

Boundary 
6-10 Summary of Risk Results for Exposure of On-Site Receptors to Soil/Fill in the Upper Portion 

of the West Ravine 
6-11 Summary of Risk Results for Exposure of Reasonable Maximum Exposure (RME) Off-Site 

Receptors to Emissions From the Soil/Fill 
6-12 Surmnary of Risk Results for Exposure of On-Site Receptors to Soil/Fill in the Middle Portion 

of the West Ravine 
6-13 Summary of Risk Results for Exposure of On-Site Receptors to Soil/Fill in the Mouth of the 

West Ravine and Area Along SR-562 
6-14 Surmnary of Risk Results for Exposure of On-Site Receptors to Soil/Fill in the Area South 

and East of Building 4 
6-15 Summary of Risk Results for Exposure of On-Site Receptors to Soil/Fill in the Area South of 

Building 10 
6-16 Surmnary of Risk Results for Exposure of On-Site Receptors to Soil/Fill in the East Ravine 
6-17 Surmnary of Risk Results for Exposure of On-Site Receptors to Surface Soil/Fill Site-Wide 
6-18 Plant Species Identified During Site Survey 
6-19 Results of Assessment of Potential Adverse Affects to Eastern Chipmunk 
6-20 Estimated Annual Effective Dose Equivalent Rate From Natural Sources in Normal Regions 
6-21 Exposure Point Concentrations for Lead in Soil/Fill 
6-22 Evaluation of Risk Uncertainty Associated With Valence State of Chromium in Soil 

TOC.Rl\HYM 
10/24/% 

-ix-



EM Science RI Report 
List of Figures 

October 25, 1996 ! 

LIST OF FIGURES 

CHAPTER 1 

1-1 Property Location 
1-2 Generalized Configuration of Property and Surrounding Area 
1-3 Property Layout 
1-4 Paved and Unpaved Areas at the Site 
1-5 1912 Topography 

. 1-6 1951 Topography 
1-7 Parcel Additions 

CHAPTER2 

2-1 Areas of Investigation 
2-2 Air Sampling Locations 

CHAPTER 3 

3-1 Deep Stage of Buried Valley Aquifer System 
3-2 Duck Creek Drainage Pattern 
3-3 Timeline of Major Events Affecting Deposition of Norwood Trough Fill Materials 
3-4 Extent of Norwood Trough Aquifer 
3-5 Wind-Rose Diagram 
3-6 Storm Water Drainage 
3-7 Simplified Site Geological Model 
3-8 Generalized Stratigraphic Column - EM Science Site 
3-9 Generalized Lithological Distributions Within the Lower Clay Unit 
3-10 Surface Contour Map of the Lower Till Unit 
3-11 Schematic Diagram of the Deposition of the Lacustrine 2 Zone Lake Deposits Over the 

Lower Till Unit 
3-12 Schematic Diagram of the Deposition of the Lower Clay Unit and Lower Sand Zone over the 

Lacustrine 2 Zone 
3-13 Schematic Diagram of the Deposition of the Lacustrine Unit Over the Lower Clay Unit 
3-14 Schematic Diagram of the Deposition of the Upper Till Unit and the Development of the East 

and West Ravines 
3-15 Land Use 

TOC.Rl\HYM 
10/24/96 

-X-

_;: 



CHAPTER 4 

LIST OF FlGURES 
(Continued) 

4-1 Comparison of Total Metals Concentrations to Turbidity 
4-2 Normal Probability Plot- Gross Alpha in Water 

EM Science RI Report 
List of Figures 

October 25, 1996 

4-3 Detections of D/F in Group II Wells Screened in Fill in the Middle Portion of the West 
Ravine 

4-4 Detections of D/F in Group II Wells Screened in Backfill Along the 84-Inch Sewer 
4-5 Detections of D/F in Group I Wells Screened in Sand Seams in the Upper Till Unit 
4-6 Detections of D/F in Group II Wells Screened in Sand Seams in the Upper Till Unit South of 

Building 4 
4-7 Detections of D/F in Group II Wells Screened in Sand Seams in the Area South of Building 10 
4-8 Detections of D/F in Group I Wells Screened in the Upper Till Unit 
4-9 Detections of D/F in Group II Wells Screened in the Upper Sand Unit South of Building 4 
4-10 Detections of D/F in Group II Wells Screened in the Upper Sand Unit in the Area South of 

Building 10 
4-11 Detections of D/F in Group I Wells Screened in the Lacustrine Unit 
4-12 Detections of D/F in Group II Wells Screened in the Lacustrine Unit in the Area South of 

Building 10 
4-13 Detections of D/F in Group II Wells in the Lacustrine Unit Off-Property 
4-14 Detections of D/F in Group II Wells in the Lower Clay Unit Beneath the East Ravine 
4-15 Median Detections of Congener Group in Samples From the EM Science Site and United 

Kingdom Soils 
4-16 Maximum Detections of Congener Groups in Samples From the EM Science Site and United 

Kingdom Soils 
4-17 Generalized Cross Section Showing Vertical Extent ofVOC Concentrations (Northeast-

Southwest) 
4-18 Chlorinated Ethanes & Ethenes Detected in Air Samples 
4-19 Miscellaneous Compounds Detected in Air Samples 
4-20 BTEX and Related Compounds Detected in Air Samples 
4-21 Generalized Cross Section Showing Vertical Extent of VOC Concentrations (North-South) 
4-22 Generalized Cross Section Showing Vertical Extent of VOC Concentrations (East-West) 
4-23 Generalized Cross Section Showing Vertical Extent of VOC Concentrations (Northwest-

Southeast) 

CHAPTER 5 

5-1 Degradation Chain of Chlorinated Ethenes and Ethanes 
5-2 Conceptual Model for Area South of Building 10 
5-3 Concentrations for Chloroform at Distances Modelled in Perched Zone II 

TOC.Rl\HYM 
10/24/96 

-XI-



CHAPTER6 

6-1 Conceptual Site Model 

LIST OF FIGURES 
(Continued) 

6-2 Areas of the Ecological Site Characterization 

TOC.Rl\HYM 
10/24/96 

-xii-

EM Science RI Report 
List of Figures 

October 25, 1996 



LIST OF SHEETS 

CHAPTER 1 

1-1 Site Map 
1-2 Historical and Current Buildings and Structures 

CHAPTER 3 

3-1 Depiction of Geologic Units That Monitoring Wells are Screened In 

CHAPTER 4 

4-1 Areas of Soil Contamination 
4-2 Maximum VOC Detections in Fill With Total VOC Contours 

EM Science RI Report 
List of Sheets 

October 25, 1996 

4-3 Maximum VOC Detections in the Upper Till Unit With Maximum Total VOC Contours 
4-4 Maximum VOC Detections in the Lacustrine Unit With Maximum Total VOC Contours 
4-5 Maximum VOC Detections in the Lower Clay Unit With Maximum Total VOC Contours 
4-6 Concentrations of VOCs Detected in Wells Screened in the Vadose Zone 
4-7 Concentrations of SVOCs Detected in Wells Screened in the Vadose Zone 
4-8 Detected Concentrations of PCBs and Cyanide in Soil/Fill and Water 
4-9 Concentrations of SVOCs Detected in Wells Screened in Perched Zone II 
4-10 Concentrations of VOCs Detected in Wells Screened in Perched Zone II 
4-11 Concentrations of VOCs Detected in Wells Screened in Perched Zone I 
4-12 Maximum VOC Detections in the Lacustrine 2 Zone and the Lower Till Unit at Total VOC 

Contours 
4-13 Concentrations of SVOCs Detected in Wells Screened in Perched Zone I 

TOC.RIIHYM 
10/24/96 

-xiii-



1,1,2,2-PCA 
1,1,1-TCA 
1,1,2-TCA 
1,1-DCA 
1,2-DCA 
1,1-DCE 
1,2-DCE 
cis 1,2-DCE 
trans 1 ,2-DCE 
1,2-DCP 
BTEX 
MEK 
PCE 
TCE 

HN03 

H2S 

96-42I2.TXT\HYM 
10125196 

1,1 ,2,2-Tetrachloroethane 
1, 1,1-Trichloroethane 
1, 1 ,2-Trichloroethane 
1, 1-Dichloroethane 
1 ,2-Dichloroethane 
1, 1-Dichloroethylene 
1 ,2-Dichloroethylene 
cis 1 ,2-Dichloroethylene 
trans 1 ,2-Dichloroethylene 
1 ,2-Dichloropropane 
benzene, toluene, ethylbenzene and xylenes 

EM Science RI Report 
List of Chemical Acronyms 

October 25, 1996 

Methyl ethyl ketone (also referred to as 2-butanone) 
Tetrachloroethylene (also referred to as Perchloroethylene) 
Trichloroethylene 

Nitric Acid 
Hydrogen Sulfide 

LCA- 3 



4HC 

AO 
AI 
AOC 
ARAR 
ASL 
ASTM 

BO 
BRA 
BTEX 

c 
'C 
co 
Cl 
CERCLA 
em 
COCs 
CRA 
CRAVE 
CSF 
CSM 

D/F 
Dl 
D2 
D3 
D4 
D5 
DQO 

EO 
El 
ECAO 
ELCR 
EPA 
EPC 
ESC 

96-4211. TXTIHYM 
10125/96 

EM Science R1 Report 
List of Acronyms and Abbreviations 

October 25, 1996 

LIST OF ACRONYMS AND ABBREVlATIONS 
(except for specific chemicals, see List of Chemical Acronyms) 

Four-Hour Composite Sample 

0 to 2 Feet Sample 
Area of Investigation 
Administrative Order on Consent 
Applicable or Relevant and Appropriate Requirement 
Analytical Support Level 
American Society for Testing Materials 

Fill 
Baseline Risk Assessment 
Benzene, Toluene, Ethylbenzene, Xylenes 

Carcinogenic 
Degrees in Centigrade 
Upper Till Unit 
Upper Till Sand Seams 
Comprehensive Environmental Response Compensation and Liability Act 
Centimeter 
Contaminants of Concern 
Conestoga-Rovers & Associates, Limited 
Carcinogen Risk Assessment Verification Endeavor 
Cancer Slope Factor 
Conceptual Site Model 

Dioxins and Furans 
Upper Sand Unit 
Lacustrine Unit 
Lower Clay Unit 
Lower Sand Zone 
Lacustrine 2 Zone 
Data Quality Objectives 

Lower Till Unit 
Lacustrine 3 Zone 
Environmental Criteria and Assessment Office 
Excess Lifetime Cancer Risks 
Environmental Protection Agency 
Exposure Point Concentration 
Ecological Site Characterization 

LAA- 1 



'F 
f/m 
Fl 
F2 
FDMPS 
FIT 
foc 
FS 
FSP 
ft 

g 
GEMS 
gpd 
gpm 
GRAB 

H20 
HEAST 
HI 
HSDB 
HSO 
HSP 

l.D, 
!AWP 
INHAL 
IRIS 
IT AS 

Lim 
LIA 
L/A-RIW 
L 
LMS 
LOAEL 

m 
mid 
MAl 
MCL 
MDA 

96-4211 ,TXT\HYM 
10/25/96 

Degrees in Fahrenheit 
Feet per minute 

EM Science RI Report 
List of Acronyms and Abbreviations 

October 25, 1996 

Norwood Trough Sand and Gravel Unit (Upper Non-Saturated Zone) 
Norwood Trough Sand and Gravel Unit (Lower Saturated Zone) 
French Drain Middle Pump Station 
Field Investigative Team 
Organic carbon fraction 
Feasibility Study 
Field Sampling Plan 
Foot 

Gram 
Graphical Exposure Modeling System 
Gallons per day 
Gallons per minute 
Grab Sample 

Equipment QA/QC Rinsate Sample 
Health Effects Assessment Summary Tables 
Hazard Index 
Hazardous Substance Database 
Headspace Organic 
Health and Safety Plan 

Inside Diameter 
Interim Action Work Plan 
Inhalation 
Integrated Risk Information System 
International Technology Analytical Services 

Distribution Coefficient 

Liters per minute 
Limited Access 
Limited Access Right-of-Way 
Liter 
Lower Member Sand 
Lowest Observed Adverse Affect Level 

Meter 
Meters per day 
Mink & Associates, Inc 
Maximum Contaminant Level 
Minimum Detectable Activity 

LAA- 2 



mg 
mg/L 
ml 
mm 
mph 
MS 
MSD 
MSD 
MSL 
MW 

NA 
NCP 
ND 
NOAA 
NOAEL 
NOEL 
NPDES 
NPL 
NTA 
NTU 
NWSO 

ODNR 
ODOT 
OVM 

PA 
PAH 
PCBs 
pCi/L 
pg 
PRGs 
PVC 
PZl 
PZII 

QA/QC 
QAPP 

96~4211. TXT\HYM 
10/25/96 

MiJligram 
Miiligram per Liter 
Milliliter 
Millimeter 
Miles per hour 
Matrix Spike 
Metropolitan Sewer District 
Matrix Spike Duplicate 
Mean Sea Level 
Monitoring Well 

Not Applicable 
National Contingency Plan 
Not Detected 

EM Science Rl Report 
List of Acronyms and Abbreviations 

October 25, 1996 

National Oceanic and Atmospheric Administration 
No Observed Adverse Affect Level 
No Observed Effect Level 
National Pollutant Discharge Elimination System 
National Priorities List 
Norwood Trough Aquifer 
Nephelometer Turbidity Units 
National Weather Service Office 

Ohio Department of Natural Resources 
Ohio Department of Transportation 
Organic Vapor Monitor 

Preliminary Assessment 
Polycyclic Aromatic Hydrocarbons 
Polychlorinated Biphenyls 
Picocuries per Liter 
Pi co grams 
Preliminary Remediation Goals 
Polyvinyl Chloride 
Perched Zone I 
Perched Zone II 

Quality Assurance/Quality Control 
Quality Assurance Project Plan 

LAA- 3 



RfC 
RID 
RI 
RifFS 
RME 

S.R. 
SARA 
SF 
SGM 
SOP 
sow 
SQL 
SSI 
SSPL 
SVOCs 

TA 
TB 
TEQ 
TM 
TOC 

ug/L 
u.s. 
uses 
USGS 

VE 
VOCs 
VZ9 
VZB 

WR 

96-4211 . TXT\HYM 
10125196 

Reference Concentration 
Reference Dose 
Remedial Investigation 
Remedial Investigation/Feasibility Study 
Reasonable Maximum Exposure 

State Route 

EM Science RI Report 
List of Acronyms and Abbreviations 

October 25, 1996 

Superfund Amendments and Reauthorization Act 
Slope Factor 
Site Geologic Model 
Standard Operating Procedure 
Statement of Work 
Sample Quantitation Limit 
Screening Site Inspection 
Site Specific Parameter List 
Semi-Volatile Organic Compounds 

Technical Amendment 
Trip Blank 
Toxicity Equivalent Quantity 
Technical Memorandum 
Total Organic Carbon 

Micrograms per Liter 
United States 
Unified Soil Classification System 
United States Geological Survey 

Vertical Extent Boring 
Volatile Organic Compounds 
Appendix IX Vadose Zone Boring 
Vadose Zone Boring 

West Ravine 

LAA -4 



LIST OF CHEMICAL ACRONYMS 

Radionuclides 
Ac-228 Actinium-228 
Bi-214 Bismuth-214 
Pb-212 Lead-212 
Pb-214 Lead-214 
Po-214 Polonium-214 
Po-216 Polonium-216 
Po-218 Polonium-218 
K-40 Potassium-40 
Ra-224 Radium-224 
Ra-226 Radium-226 
Ra-228 Radium-228 
Rn-220 Radon-220 
Rn-222 Radon-222 
Th-228 Thorium-228 
Th-230 Thorium-230 
Th-232 Thorium-232 
U-234 Uranium-234 
U-238 Uranium-238 

Dioxins and Furans 

OCDD 
HpCDDs 
HxCDDs 
PeCDDs 
TCDDs 
OCDF 
HpCDFs 
HxCDFs 
PeCDFs 
TCDFs 
1 ,2,3,4,6,7,8-HpCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1 ,2,3,7 ,8,9-HxCDD 
1 ,2,3,7 ,8-PeCDD 
2,3,7,8-TCDD 
1 ,2,3,4,6,7,8-HpCDF 
1 ,2,3,4,7,8,9-HpCDF 

96-4212. TXT\HYM 
10125196 

Octach1orodibenzo-p-dioxin 
Heptachlorodibenzo-p-dioxins 
Hexachlorodibenzo-p-dioxins 
Pentachlorodibenzo-p-dioxins 
Tetrachlorodibenzo-p-dioxins 
Octachlorodibenzofurans 
H eptachl orodibenzonfurans 
Hexachlorodibenzofurans 
Pentachlorodibenzofurans 
Tetrachlorodibenzofurans 
1 , 2,3, 4, 6, 7, 8-heptachlorodibenzo-p-dioxin 
1 ,2,3 ,4, 7 ,8-Hexachlorodibenzo-p-dioxin 
1 ,2,3 ,6, 7 ,8-Hexachlorodibenzo-p-dioxin 
1 ,2 ,3, 7,8 ,9-Hexachlorodibenzo-p-dioxin 
1 ,2,3 ,7 ,8-Pentachlorodibenzo-p-dioxin 
2,3, 7,8-Tetrachlorodibenzo-p-dioxin 
1 ,2,3 ,4,6, 7 ,8-Heptachlorodibenzonfuran 
1 ,2,3,4, 7 ,8,9-Heptachlorodibenzonfuran 

LCA- 1 

EM Science RI Report 
List of Chemical Acronyms 

October 25, 1996 



1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7 ,8-HxCDF 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
2,3,7,8-TCDF 

1 ,2,3,4,7 ,8-Hexachlorodibenzofuran 
1 ,2,3 ,6, 7, 8-Hexachlorodibenzofuran 
1 ,2, 3, 7, 8, 9-Hexachlorodibenzofuran 
2,3 ,4,6, 7, 8-Hexachlorodibenzofuran 
I , 2, 3, 7, 8-Pentachlorodibenzofuran 
2, 3 ,4, 7, 8-Pentachlorodibenzofuran 
2,3, 7,8-Tetrachlorodibenzofuran 

Metals 
As Arsenic 
Sb Antimony 
Ba Barium 
Be Beryllium 
Cd Cadmium 
Ca Calcium 
Cr Chromium 
Co Cobalt 
Cu Copper 
Fe Iron 
Pb Lead 
Mg Magnesium 
Mn Manganese 
Hg Mercury 
Ni Nickel 
K Potassium 
Ti Titanium 
v Vanadium 
Zn Zinc 

Semi-Volatile Organic Compounds 

1,2,4-TCB 
1,3-DCB 
1,2-DCB 
1,4-DCB 
D(ah)A 
B(a)A 
B(a)P 
B(b)F 
B(ghi)P 
B(k)F 
l(cd)P 

1 ,2,4-Trichlorobenzene 
1,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 
1 A-Dichlorobenzene 
Dibenz(a,h)anthracene 
Benzo(a)anthracene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(g ,h,i)perylene 
Benzo(k)fluoranthene 
lndeno( 1 ,2-cd)pyrene 

Volatile Organic Compounds 

96-4212.TXT\HYM 
10125196 

LCA- 2 

EM Science RI Report 
List of Chemical Acronyms 

October 25, 1996 



1 
2 
3 

EXECUTIVE SUMMARY 

EM Science RI Report 
Executive Sununary 

October 25, 1996 

4 This report documents the results of the Remedial Investigation (Rl) phase of the EM Science 

5 Remedial lnvestigation!Feasibility Study (RifFS). EM Science is an operating chemical facility 

6 located at 2909 Highland Avenue, Cincinnati, Ohio. Since the late 1940s, the facility has been used 

7 for the manufacturing and storage of organic and inorganic chemicals. Before EM Science purchased 

8 the property in 1977, chemical discharges from process buildings, underground pipes, and other 

9 operational structures occurred at the facility between the 1950s and the early 1970s. In addition, the 

10 burial of chemical and construction debris in a drainage ravine that existed in the central portion of 

11 the property occurred prior to 1977. This Rl Report provides a detailed understanding of the nature 

12 and extent of contamioation associated with the historical chemical releases, and summarizes the 

13 present and future risks to human health and the environment if contaminated media beneath the Site 

14 are not remediated. This Rl Report also provides the basis to develop and compare a range of 

15 possible remedial alternatives for the cleanup of impacted media. The EM Science Rl/FS is being 

conducted according to the December 24, 1992 Administrative Order on Consent (AOC) between EM 

17 Science and the Ohio Environmental Protection Agency (Ohio EPA). The tasks conducted during the 

18 RI were outlined in the November 19, 1993 EM Science Rl/FS Work Plan which was approved by 

19 the Ohio EPA on February 28, 1994. 

20 

21 This report concludes that while the potential for unacceptable risk is very limited under current 

22 operating conditions, in the absence of remediation the potential for unacceptable risks exist in 

23 hypothetical cases where: 1) excavation activities take place in the area south of Building 10 or in the 

24 middle portion of the West Ravine; 2) extensive excavation activities take place in the area south and 

25 east of Building 10, the area around Sump-562, or in the East Ravine; or, 3) perched ground water 

26 impacted by Site contamination is used for potable purposes. The risks at the Site printarily result 

27 from exposures to volatile organic compounds (VOCs). This report further concludes that while the 

28 potential for unacceptable risk does exist, the contamination which poses the risk has a low potential 

29 for migration to locations where exposure is likely. The potential for horizontal migration is 

30 significantly, but not totally, limited by interim actions which were installed prior to the 

31 commencement of this Rl. The potential for vertical contaminant migration is limited by the 

32 geotechnical properties of the geologic units beneath the Site. The United States Environmental 

33 Protection Agency (U.S. EPA) designated sole source Norwood Trough Aquifer situated 
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1 approximately 175 feet below the surface is not threatened by contamination detected at the Site. 

2 
3 Site Description and History 

4 

5 EM Science is located in a mixed commercial/industrial setting northwest of the intersection of 

6 Interstate 71 and State Route 562 (S.R. 562)'<md is bounded by transportation corridors on the north 

7 and south (Highland Avenue and S.R. 562), a railroad embankment on the east, and industrial 

8 property on the west. The EM Science Site is defined as .the existing EM Science property including 

9 any other areas contaminated (or threatened to be contaminated) by hazardous substances migrating 

10 from the property. The topography of the EM Science property previously included two drainage 

11 ravines (referred to as the West and East Ravines) associated with the local Duck Creek drainage 

12 system. Except for the mouth of the former West Ravine, the two ravines have been completely 

13 filled to present grade. The mouth of the West Ravine consists of steep slopes of fill materials and is 

14 heavily vegetated with trees and brush. A drainage pipe (Outfall) at the mouth of the West Ravine 

' discharges contaminated perched ground water to a collection sump (Sump-562) located at the 

southern end of the mouth. Sump-562 was constructed by EM Science in 1982 to mitigate 

17 contaminant migration from the property. Sump-562 also collects perched ground water seepage from 

18 Seep-562 located along the S.R. 562 engineered slope west of the mouth of the West Ravine. 

19 

20 The EM Science property consists of three sub-parcels which were acquired by previous owners in 

21 1940, 1966, and 1969. In 1977, the operating facility was purchased by EM Industries and has been 

22 operated by its EM Science Division since that time (EM Science acquired a fourth parcel of property 

23 located north of Highland Avenue in 1994; however, this property was not impacted by historical 

24 operations and was not part of the AOC). Several on-property buildings have been used for chemical 

25 manufacturing and storage. Before EM Industries purchased the facility, some of these manufacturing 

26 buildings contained floor drains where spilled chemicals and washdown water were allowed to enter 

27 into underground process lines or trench drains situated beneath the property. Some of the process 

28 lines and trench lines then leaked chemicals to soil or discharged liquids directly to the ground surface 

29 (these lines and trenches were taken out of service, repaired, or redirected to appropriately regulated 

30 discharge points when EM Industries purchased the facility). 

31 

32 In addition to the manufacturing buildings, other structures used at the facility in the past also 

33 contributed to historical chemical releases. These included a Tank Farm and a pH/neutralization tank, 

SUMMARY.Rl/HYM 
10/22/96 

-2-



EM Science RI Report 
Executive Summary 

October 25, 1996 

1 both of which have been removed, and a Spent Oleum Pit located in the central portion of the facility, 

2 which was abandoned in place. In addition, the filling of the West Ravine drainage channel with soil, 

3 chemical containers, and other debris occurred between 1952 and 1971. The upper portion of the 

4 West Ravine was primarily filled with soil and construction debris (derived from on and off-property 

5 sources). As the facility expanded, the middle portion was filled with soil (derived from on and off-

6 property sources), and broken and unbroken glass bottles, and other containers that were empty or 

7 contained out-of-specification or otherwise unmarketable materials (derived from on-property 

8 sources). In April 1960, the main chemical warehouse on the property at that time (Building 5) 

9 caught fire. Chemical and building debris from this fire were also buried in the middle portion of the 

10 West.Ravine. The East Ravine was filled between 1938 and the early 1970s with soil and 

11 construction debris (derived primarily from off-property sources). There is no record of chemical 

12 disposal in the East Ravine. An 84-inch storm sewer exists within the channel of the former East 

13 Ravine. Perched ground water seeps into the storm sewer at a point locaied just north of the property 

14 (Seep A) and at the point where the sewer traverses beneath the eastern property boundary (Seep C). 

C) The U.S. EPA and Ohio EPA conducted several site inspections at the facility during the 1980s. In 

17 addition, EM Science voluntarily conducted several environmental investigations at the facility 

18 between 1981 and 1990 based on a diverse array of workscopes and objectives. The investigations 

19 were conducted with Ohio EPA knowledge but without an Ohio EPA Administrative Consent Order. 

20 These activities led to the implementation of several interim actions by EM Science to mitigate the 

21 migration of contamination off property. The interim actions cost several million dollars and included 

22 the construction of Surnp-562 at the mouth of the West Ravine (1983), the initiation of a storm water 

23 management program to collect and redirect on-property storm water from process operation areas 

24 (1987) and areas of contamination, the construction of a French Drain to intercept and collect· 

25 contaminated perched ground water migrating beneath the eastern property boundary (1988), and, the 

26 implementation of a hydraulic gradient control pumping well to prevent the eastward migration of 

27 contaminated ground water located at a deeper depth than the French Drain (1992). 

28 

29 
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3 The RI consisted of multiple tasks that were completed during seven sampling phases between 

4 December 1993 and August 1995. In general, the tasks included: well abandonment and 

5 replacement, a background metals investigation, the drilling of new monitoring wells, a geological 

6 and hydrogeologic investigation of the strata beneath the Site to depths up to 175 feet below grade; 

7 and, soil, ground water, and air sampling and analysis. During the investigation, 73 soil borings 

8 were drilled to collect soil samples for stratigraphic, contaminant, or geotechnical analyses. Twenty-

9 one of the borings were drilled off property in the southern portion of the Site. Thirteen new 

10 monitoring wells were added to the existing well network which consisted of 52 wells at the time the 

11 RI was initiated. The well network was sampled four times during the RI to assess the seasonal trend 

12 of contaminant concentrations. After the first two phases of the RI were completed, a comprehensive 

13 Site Specific Parameter List (SSPL) was developed from U.S. EPA Appendix IX List sampling 

14 results. The SSPL was used during subsequent phases of work. The SSPL consisted of volatile 

' organic compounds (VOCs), semi-volatile organic compounds (SVOCs), metals, polychlorinated 

biphenyls (PCBs), cyanide, and dioxins and furans. In addition, sampling and analysis for specific 

17 radionuclides were conducted during the initial phases of the RI. Radionuclides were dropped from 

18 subsequent phases of the RI after it was determined that detected concentrations were representative of 

19 natural background. 

20 

21 Environmental Setting 

22 
23 The EM Science Site is situated in the Norwood Trough, a one-mile wide buried glacial valley that is 

24 filled with 200 to 250 feet of unconsolidated deposits. The bottom of the Norwood Trough lies about 

25 235 feet below the surface of the EM Science facility. The Norwood Trough Aquifer, a U.S. EPA 

26 designated sole source aquifer that sustains a few industrial production wells within a one mile radius 

27 of the Site, lies within outwash sand and gravel deposits at the bottom of the Norwood Trough. 

28 Regionally, the sand and gravel deposits are covered by approximately 175 feet of glacial overburden 

29 and underlain by interbedded shale and limestone bedrock. The Site is located within the Little 

30 Miami drainage basin above the 100-year flood plain. The nearest ·surface water body is Duck Creek 

31 (located 600 feet southeast of the facility), an ungaged stream with no measured base or peak flows. 

32 The population within a one-mile radius of the Site is approximately 23,000 residents. Approximately 

33 one-half of the one-mile radius is residential and one-third is industrial or commercial property. The 
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1 balance of the remaining area is transportation corridors, parks, or undeveloped land. 

2 

3 During the RI, a Site Geological Model (SGM) was developed using an extensive amount of 

4 stratigraphic and geotechnical data acquired during previous Site investigations and the current Rl. 

5 The SGM consists of three hydrostratigraphic systems: 1) a predominantly unsaturated Perched 

6 Ground Water System consisting of 70 feet of silt and clay deposits containing discontinuous lenses of 

7 saturated sand and gravel; 2) an unsaturated, low permeable, Confining System comprised of a 10 to 

8 30 feet thick laterally extensive till unit (Lower Till Unit) and 85 feet of partially cemented sand and 

9 gravel deposits; and, 3) a Confmed Aquifer System consisting of 50 feet of saturated sand and gravel 

10 deposits of the Norwood Trough Aquifer. 

11 

12 

13 

14 

.J 

17 

18 

19 

20 
21 

22 

23 

The Perched Ground Water System can be characterized as an aquitard. Discontinuous seams and 

lenses of fme to coarse grained sand occur in the upper 45 to 65 feet of the aquitard. Most of these 

coarser deposits contain perched ground water that varies considerably in quantity and hydrogeologic 

properties. Potential horizontal contaminant migration routes in the Perched Ground Water System 

are more predominant beneath the central portion of the facility where limited coarser grained 

deposits exist. Beneath the southern portion of the Site, perched ground water is restricted to thin, 

less frequently occurring discontinuous sand seams that have very limited yield potential. Potential 

vertical contaminant migration within the SGM is restricted by the silt and clay nature of the Perched 

Ground Water System, and the 100 feet thick unsaturated deposits of the Confining System. 

Nature and Extent of Contamination 

24 Based on contaminant distribution data collected during the Rl, there are four primary areas of VOC 

25 contamination at the Site. These include the middle and mouth portions of the former West Ravine, 

26 the area south of Building 10, and area south and east of Building 4 (Sheet 4-.1). The most 

27 predominant SSPL group detected within the four primary areas of contamination were VOCs which 

28 were derived from historical sources located in the central and southern portions of the property. 

29 Within the four primary areas of VOC contamination, non-VOC SSPL contaminant groups occur less 

30 frequently and in lower concentrations. There are also two secondary areas of contamination at the 

31 Site, the upper portion of the West Ravine, and the East Ravine. Beneath these areas of the Site, 

32 SSPL contaminant groups (especially VOCs) occur more sporadically and, except for a few isolated 

33 areas, were detected at lower concentrations. Contaminants detected in these two areas were not 
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1 derived from specific on-property contaminant sources and are likely the result of anthropogenic 

2 background, or the contents of fill placed in the northwestern and eastern portions of the Site. 

3 

4 No SSPL contaminants detected at the Site have migrated below the Perched Ground Water System. 

5 The VOCs are the most mobile SSPL contaminant group and their distribution shows the effects of 

6 migration within the Perched Ground Water System. The non-VOC contaminant groups within the 

7 SSPL are relatively immobile and are primarily confined to the fill beneath the Site with little or no 

8 evidence of migration. The concentrations of non-VOC constituents are consistent with levels 

9 possibly attributable to anthropogenic background except within the fill of the East Ravine where 

10 elevated concentrations of a few constituents were locally detected. However, there is no evidence of 

11 contaminant migration into natural soil or perched ground water underlying the fill. 

12 

13 The sources of VOC contamination beneath the central portion of the property include the following 

14 former surface or shallow subsurface structures: Building 10 process sewer, Building 4 trench drain, 

· 'i pH/neutralization tank, Spent Oleum Pit, and Tank Farm. The buried chemical containers and other 

,6 debris within the West Ravine are also a source of VOC contamination. The close proximity of these 

17 sources, the initial release mechanisms, the relatively high concentrations of VOCs in soil (up to 

18 1,000,000 ~tg/kg total VOCs), and the migration characteristics of the VOCs have resulted in the 

19 intermixing of contaminated media within the Perched Ground Water System situated beneath the 

20 central and southeastern portions of the facility. 

21 

22 VOCs within the West Ravine have infiltrated through the fill and migrated along the fill/soil interface 

23 toward the mouth of the ravine. Infiltration of VOCs into till and lacustrine deposits underlying the 

24 fill of the West Ravine has also occurred. Very low detections of total VOCs ( < 100 ~tglkg) were 

25 detected in the Lower Till Unit situated beneath the West Ravine (it is believed that these low 

26 detections of VOCs in the Lower Till Unit beneath this area of the Site, and in the Lower Till Unit 

27 beneath other areas of contamination, are attributed to sample container contamination by secondary 

28 electrical sealing tape). Prior to the construction of Sump-562, infiltration into shallow soils occurred 

29 beneath the mouth of the West Ravine and south ofSeep-562, resulting in an area of elevated VOC 

30 concentrations in the vicinity of Sump-562. Similarly, VOCs were detected in perched ground water 

31 beneath the southern portion of the site where a former 36-inch storm sewer discharged to the land 

32 surface near MW505AIMW505B. 

33 
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1 The deepest VOC contamination within the Perched Ground Water System exists beneath the area 

2 south of Building 10 where VOCs were detected in a discontinuous saturated outwash sand and gravel 

3 deposit (Lower Sand Zone) situated at depth of 65 feet below the surface. VOCs are ntigrating frotu 

4 the area south of Building 10 through a shallower discontinuous outwash sand and gravel deposit 

5 (Upper Sand Unit) and through the Lower Sand Zone. The contaminant ntigration to the eastern 

6 property boundary is ntitigated by the French Drain and P6A interim actions. Beneath the Lower 

7 Sand Zone, no or very low total VOCs ( < 100 l'gfkg) were detected in the Lower Till Unit beneath 

8 the central portion of the facility. 

9 
10 VOCs in the area south and east of Building 4 are largely confined to the upper 30 to 40 feet of soil 

11 with only very low level ( < 100 l'g/kg total VOCs) detections in the Lower Till Unit. The silt and 

12 clay-rich nature of the Perched Ground Water System beneath this area of the Site, topographic 

13 constraints to the south, and the relatively small quantity of perched ground water present have 

14 lintited the ntigration of VOCs both vertically and horizontally from the Building 4 area. Geologic 

and contaminant data collected suggests that the VOCs detected at Seep-562 ntigrated from this area. 

17 Beneath the fill of the East Ravine, low detections of total VOCs (200 to 300 !'giL) were detected in 

18 perched ground water at monitoring well P6 located 100 feet east of the New Tank Farm 

19 (Sheet 1-1). The VOCs are believed to have ntigrated to the eastern portion of the Site from the area 

20 south of Building 10 prior to the installation of the French drain in 1988 or the commencement of the 

21 P6A gradient control well in 1992. VOCs were not detected in any monitoring wells located 

22 downgradient (east-southeast) of P(i except at MW23 and Seep C in the 84-inch storm sewer. These 

23 VOCs most likely ntigrated within the backfill of the 84-inch storm sewer from the area in the 

24 vicinity of P6 (before P6A was implemented); or, ntigrated from the east within the Upper Sand Unit 

25 prior to the construction of the French Drain. 

26 

27 Contaminant Fate and Transport 

28 

29 The overall objective of the contaminant fate and transport analysis was to evaluate the potential for 

30 contamination within the Perched Ground Water System to reach points where it can pose a risk to 

31 human health or the environment. The fate analysis focused on the mobility and persistence of certain 

32 SSPL contaminants detected beneath the Site (primarily VOCs) and their degradation products. 

33 Contaminant ntigration through air and the Perched Ground Water System were evaluated through the 
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1 use of computer codes. The specific contaminant migration routes addressed within the Perched 

2 Ground Water System were: 1) SSPL contaminants migrating in perched ground water from the area 

3 south of Building 10 to the eastern property boundary (in absence of pumping from P6A); 2) 

4 contaminants migrating in perched ground water at off-property locations in the southern portion of 

5 the Site; and, 3) contaminants migrating vertically from primary areas of VOC contamination. The 

6 results of the analysis of contaminant migration from the area south of Building 10 to the eastern 

7 property boundary were used in the evaluation of the potential risk to a future off-property user of 

8 perched ground water. The evaluation of vertical contamination migration yielded breakthrough times 

9 within certain geological units in the SGM. The contaminant transport analysis of the air pathway 

10 yielded air concentrations of contaminants volatilized or attached to suspended dust from each of the 

11 areas of contamination. 

12 

13 The results of the contaminant transport analysis through the Perched Ground Water System are 

14 conservative approximations since assumptions incorporated into each step of the transport model 

development were made so as to not underestimate the potential concentrations present at, or the time 

16 periods required to reach, the receptor locations. Therefore, the approach for transport analysis 

17 includes a relatively significant safety factor. The results of the contaminant transport analysis 

18 indicated that only a limited number of SSPL contaminants are present in sufficient quantity (i.e. total 

19 mass) and have mobility characteristics such that a reasonable potential exists for these contaminants 

20 to be transported to the eastern property boundary. The transport analysis indicated that the 

21 physicochemical characteristics of less mobile contaminants (such as PCBs, dioxins and furans and 

22 many SVOCs) result in significantly long transport times and low rates through the Perched Ground 

23 Water System. 

24 

25 The evaluation of the potential for vertical contaminant migration indicated that breakthrough times 

26 wer~ greater than I 0, 000 years assuming that the mechanisms required for transport are present. 

27 Review of the geological and hydrogeological data supports the conclusion that mechanisms for 

28 vertical migration through the lower portion of the SGM are limited to diffusion and minimal 

29 infiltration. The probability that the Norwood Trough Aquifer would ever be impacted by 

30 contaminants detected below the Site is very low to negligible due t-o the limited mechanisms for 

31 vertical migration and a limited amount of total contaminant mass. 

32 

33 
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3 The purpose of the human health baseline risk assessment (BRA) was to determine if remedial action 

4 is necessary and provide the justification for performing remedial actions. To meet this objective, the 

5 potential risk from exposure of both current and future receptors were evaluated within the BRA. To 

6 facilitate remedial action decisions, the potential risks were evaluated with respect to the six areas of 

7 soil contamination identified during the determination of nature and extent. Potential risks from 

8 exposure to ground water were evaluated with respect to: 1) perched ground water not impacted by 

9 Site contamination; 2) perched ground water impacted by Site contamination; and, 3) potential future 

10 concentrations of SSPL constituents in perched ground water at the eastern property boundary. The 

11 potential risk was also evaluated for exposure to all Site soil, without respect to the location of the 

12 sampling point. 

13 

14 The potential risks to receptors (i.e. on-property workers, intermittent trespassers, and reasonable 

maximum exposure (RME) off-Site receptors i.e. nearby residents) under current exposure scenarios 

S were evaluated in the BRA. The potential risks to the receptors (i.e. future on-property workers, 

17 construction workers and future RME off-site receptors i.e. nearby residents), under future exposure 

18 scenarios were also evaluated. On-property workers, both current and future, were assumed to be 

19 exposed to surface soil and contaminants volatilized from the soil or attached to suspended dust. 

20 Trespassers were assumed to be exposed to surface soil, discharged ground water at the Outfall, Seep-

21 562 and Seep C in the 84-inch storm sewer, and contaminants volatilized from the ground surface or 

22 attached to suspended dust. Construction workers were assumed to be exposed to subsurface soil and 

23 ground water and contaminants volatilized from the ground surface or suspended as dust. RME off-

24 Site receptors were assumed to be exposed to contaminants volatilized from the ground surface or 

25 attached to suspended dust and transported from the Site to the location of the residences. The 

26 difference between current and future exposures of on-property workers and RME off-Site receptors 

27 is that under.future exposure conditions the Site was assumed to be completely unpaved in the future, 

28 thus increasing both the soil available for direct contact and indirect exposure resulting from 

29 volatilization of contaminants and suspension of dust. While local government restrictions exist which 

30 prohibit the installation of wells for general household use, the potential risks from exposure of 

31 residents to perched ground water were also evaluated for comparison purposes. 

32 

33 
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1 In the evaluation of current and future health impacts, the potential for significant noncancer health 

2 effects was quantified with a hazard index (HI) and the estimated potential cancer risks were 

3 expressed as the excess lifetime cancer risks (ELCR). According to U.S. EPA guidance, His greater 

4 than one are considered to represent unacceptable noncancer risks while ELCRs were compared to the 

5 risk range of 10·6 to 104 in accordance with the National Contingency Plan (NCP). It should be 

6 noted that conservative approaches were taken in estimating contaminant concentrations, exposures 

7 and contaminant toxicity. Thus a significant safety margin is present in all risk results. ELCR results 

8 greater than the 10_. to 104 range were considered to be unacceptable while areas with ELCR results 

9 less than the range were considered to have little potential for significant cancer risks. 

10 
11 The evaluation of both current and future risks showed that VOCs were the primary contributors to 

12 risk above background in perched ground water affected or potentially affected by Site contamination 

13 and in all areas of soil contamination except the East Ravine. Several general observations were 

14 consistent between all areas of contamination. Background concentrations of metals resulted in risks 

' in the 10·6 to 10"' ELCR range for current and future on-property workers in all portions of the Site. 

16 

17 

Surface concentrations of the SVOCs and D/F, considered to result from anthropogenic background, 

also resulted in total risks within or below the 10"6 to 104 ELCR range for current and future on-

18 property workers in all portions of the Site. 

19 

20 The evaluation of the potential risks to receptors exposed to surface soil/fill (i.e. on-property workers, 

21 trespassers, and RME off-Site receptors) showed that the potential for unacceptable risks does not 

22 exist under current operating conditions and practices. Very limited potential exists for adverse health 

23 affects from very limited portions of the surface soil/fill under extreme exposure conditions (i.e. 

24 exposure to a very small area of surface soil/fill for 8 hours per day, 250 days per year for 25 years). 

25 The areas which could potentially pose these risks are: 1) an elevated detection of VOCs east of 

26 Building 4; 2) an elevated detection of mercury south of Building 11 which is currently under 

27 pavement; and, 3) PCBs in the fill of the East Ravine which is currently under pavement. 

28 
29 The evaluation of potential risks to unprotected construction workers exposed to subsurface soil/fill 

30 and perched ground water showed that the potential for significant noncancer risks and an ELCR 

31 greater than 10·' exists in the middle portion of the West Ravine and the area south of Building 10. 

32 The potential for significant noncancer risks and an ELCR greater than 10·' also exists for unprotected 

33 construction workers in the area south and east of Building 4 and the off-property area immediately 
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1 south of Sump-562, but is limited by the relatively small quantity of perched ground water available 

2 for exposure. The primary contaminants of concern in these areas are VOCs. Evaluation of 

3 exposure of unprotected construction workers to the fill of the East Ravine revealed that the potential 

4 for significant noncancer risk, primarily from dermal exposure to PCBs, does exist. From these 

5 results, it was concluded that the potential risk is unacceptable in the middle portion of the West 

6 Ravine and the area south of Building 10 for exposure during excavation activities consistent with the 

7 assumptions outlined in the BRA. It was further concluded that a limited potential for unacceptable 

8 risk during excavation activities exists in the area south and east of Building 4, the area around 

9 Sump-562, and in the East Ravine. 

10 

11 The comparative evaluation of the potential risk from use of perched ground water beneath the Site 

12 for household purposes showed that the potential for significant risk, primarily from VOCs, exists for 

13 ground water affected by the Site. Evaluation of future household use of perched ground water at the 

14 eastern property boundary also yielded unacceptable risk results. However, the current quality and 

· ~ limited available quantity of perched ground water beneath the Site makes it unacceptable for 

,6 household or other potable uses and, from the results of contaminant transport, the water has limited 

17 potential to adversely impact off-Site ground water east of the facility, potentially rendering it 

18 unusable for general household purposes ouly after several decades of unabated migration of Site 

19 contamination. 

20 

21 The evaluation of the potential risk from exposure of contaminants migrating from the Site through 

22 the air showed that while background metals are the primary contributor to the risk, VOCs beneath 

23 the middle portion of the West Ravine and beneath the area south of Building 10 also have the 

24 potential to contribute ELCR in the range of 1 O" to 104 during normal facility activities, assuming 

25 that the Site is entirely unpaved. It was concluded from these results that while an unacceptable risk 

26 to off-Site residents does not exist at this time, the potential for an unacceptable risk does exist should 

27 activities, such as excavation, take place within the middle portion of the West Ravine or the area 

28 south of Building 10 that would increase the airborne concentration of contaminants, especially 

29 VOCs. Given the contaminant distribution in these areas (i.e. contaminant concentrations are lower 

30 near the surface and increase with depth), limited, near surface excavation activities with appropriate 

31 health and safety precautions are not considered to pose unacceptable risks. 

32 

33 
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1 In summary, the risk assessment concluded that: 1) the potential for unacceptable risks from 

2 exposure to surface soils/fill does not exist under current operating conditions and practice but could 

3 result from extreme exposure to isolated areas of elevated contamination and the surface fill of the 

4 East Ravine; 2) the potential for unacceptable risks from VOCs exists both to construction workers 

5 and persons proximal to excavation activities if excavation takes place either in the area south of 

6 Building 10 or in the middle portion of the West Ravine; 3) the potential for unacceptable risk exists 

7 to unprotected persons performing extensive excavation activities in the area south and east of 

8 Building 4 or the area around Sump-562; 4) the potential for unacceptable risks, primarily from 

9 PCBs, exists for unprotected persons performing extensive excavation activities in the East Ravine; 

10 and, 5) the potential for unacceptable risks exists should perched ground water impacted by Site 

11 contamination be used for potable purposes. The potential for unacceptable risk in the area south of 

12 Building 4 is limited by the quantity of perched ground water present while the potential for 

13 imacceptable risk in the area south of Sump-562 is also limited by both the quantity of perched 

14 ground water present and the total mass of VOCs present. 

The potential for adverse impacts to local flora and fauna were evaluated in the ecological site 

17 characterization. It was concluded that existing Site contamination does not pose a significant risk to 

18 the on-Site ecology. 

19 

20 Summary 

21 

22 This RI Report characterizes the environmental setting of the Site, defines the physical· and chemical 

23 properties of the areas of contamination including the nature and extent of contamination, assesses 

24 potential contaminant migration routes, and identifies the actual or potential risks to human health and 

25 the environment. The SGM and the contaminant data were used as the foundation to support the 

26 contaminant transport models used in the BRA, and to assess risk. The extensive information gained 

27 through the development of this RI, such as the types and quantities of SSPL contaminants detected at 

28 source areas, and the conclusions of the BRA, will be used to develop specific remedial action 

29 objectives and to screen appropriate remedial alternatives in the FS. 
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4 This report documents the results of the Remedial Investigation (RI) phase of the Remedial 

5 Investigation/Feasibility Study (RJ/FS) being conducted by EM Science at its facility located at 

6 2909 Highland Avenue, Cincinnati, Ohio (Figure 1-1). This RI report includes physical and chemical 

7 data analyses, contaminant transport modeling, and a human health baseline risk assessment. On 

8 December 24, 1992 EM Science agreed with the Ohio Environmental Protection Agency (Ohio EPA) 

9 in an Administrative Order on Consent (AOC) to conduct a RifFS following the Ohio EPA's RifFS 

10 "Generic Statement of Work" (Rl/FS SOW) presented in Attachment A of the AOC. 

11 
12 EM Science is an operating chemical manufacturing facility that consists of two parcels of property 

13 located north and south of Highland Avenue (Figure 1-2). As defmed in the AOC, the EM Science 

14 RI/FS only addresses the southern parcel of property (hereafter referenced as "facility" or 

15 "property"). The parcel of property located north of Highland Avenue was purchased by EM Science 

in 1994 for additional warehousing and office space after the RI was initiated (since there was no 

1 evidence that historical operations at the EM Science facility had impacted the northern parcel of 

18 property). No RI tasks were conducted on the northern parcel of property and it is not further 

19 addressed in this report. 

20 
21 Since the late 1940s, the facility has been used by EM Science and prior owners for the synthesis, 

22 purification, formulation, repackaging and warehousing of organlc and inorganic solvents, acids, other 

23 liquids, and powders. The EM Science Site (or Site) is defmed as all areas within the boundary of 

24 the EM Science property as well as any other area contaminated, or threatened to be contaminated, by 

25 hazardous substances or contaminants migrating from the property. The Site includes the area 

26 southeast of the property where ground water monitoring wells and soil borings were drilled during 

27 the RI to investigate off-property contaminant migration. 

28 
29 The primary objective of the EM Science RI is to develop a detailed understanding of the physical 

30 setting of the Site, the nature and extent of contaminated media, and the actual or potential threats that 

31 contaminated media pose to human and ecological receptors so that· appropriate remedial actions can 

32 be undertaken to mitigate identified threats. Prior to entering into an AOC with the Ohio EPA, EM 

33 Science conducted several environmental investigations at the Site between 1981 and 1990. The 

34 findings from these investigations led to: 1) the preliminary characterization of the nature and extent 

\ of contaminant source areas at the Site; and, 2) the implementation of several interim remedial actions 

~ by EM Science between 1983 and 1992 to mitigate contaminant migration via ground water and 
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1 surface water. This Rl has primarily focused on further defining the nature and extent of 

2 contamination at the Site, and has included the sampling and analysis of air, soil, sediment, and 

3 ground water following the tasks described in the November 19, 1993 Work Plan for the Remedial 

4 Investigation/Feasibility Study of the EM Science Site, Cincinnati. Ohio (RifFS Work Plan). The 

5 RifFS Work Plan was prepared by EM Science's environmental consultant for the RifFS, The Payne 

6 Firm, Inc. (Payne Firm), and was approved by the Ohio EPA on February 28, 1994. Activities 

7 associated with the completion of the RifFS Work Plan were completed by The Payne Firm and 

8 drilling, analytical, and surveying subcontractors between November 1993 and August 1995. 

9 
10 1.1 Format of the Report 

11 
12 The primary objective of this report is to present the results and conclusions of the RI. The report 

13 follows the requirements outlined in Ohio EPA's RifFS SOW and the format provided in the U.S. 

14 EPA's guidance for conducting RifFS activities, Guidance for Conducting Remedial Investigation and 

15 Feasibility Study Under CERCLA. Interim Final (U.S. EPA, 1988). The report consists of three 

main components: 1) an assessment of the nature and extent of contamination, including a summary 

rl of the sampling locations, field sampling procedures, analytical methods and results, and quality 

18 assurance protocols that were used to complete the assessment; 2) an evaluation of the fate and 

19 transport of detected contaminants including hydrogeological conditions, contaminant properties, and 

20 possible migration pathways beneath the Site; and, 3) the human health baseline risk assessment. In 

21 addition, the RI Report is intended to support the Feasibility Study which will be the second activity 

22 completed in accordance with the Ohio EPA's RifFS SOW. The FS Report, which will be submitted 

23 to the Ohio EPA under a separate.cover at a later date, will evaluate a range of remedial alternatives 

24 appropriate to addressing the contaminated media and risks identified in this report. 

25 

26 The RI Report consists of an Executive Summary, Chapters 1 through 7, and several appendices. 

27 Each Chapter has numerous sections and subsections which present the topics of discussion. For 

28 certain paragraphs within each Chapter, the font size of the text has been reduced (from 11 point to 

29 10 point) if the primary purpose of the paragraph is to further support a specific topic or technical 

30 discussion. The purpose of this is to minimize diversion away from the main objectives and 

31 conclusions of the Chapter. Summaries of the primary issues discussed in each Chapter are presented 

32 below: 

33 
34 Chapter 1--The remaining portion of Chapter 1 discusses the relevant regulatory, environmental, and 
'l) operational history of the Site as well as a review of the interim deliverables that have been forwarded 

to the Ohio EPA during the Rl 
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1 Chapter 2--Chapter 2 opens with an overview of the objectives and data needs for the R1 and 
2 summarizes the specific tasks that were conducted to satisfy the data needs. Each phase of work that 
3 was undertaken (Phases I through Vll) during the R1 is then reviewed along with the quality 
4 assurance/quality control (QA/QC) and data validation procedures that were implemented during the 
5 investigation. 
6 
7 Section 3--Chapter 3 describes the physical characteristics of the Site including meteorological, 
8 topographical, geological, hydrogeological, and ecological features. A Site Geological Model is 
9 presented that provides the basis for the discussion of the nature, extent, and transport of soil and 

10 ground water contamination. Also included in this Chapter is a characterization of the demographics 
11 and current land use in the vicinity of the Site. 
12 
13 Chapter 4 This Chapter presents the results of the RI tasks summarized in Chapter 2 relevant to the 
14 physical and chemical characterization of contaminant source areas and media. Additionally, a 
15 thorough review of the background concentrations determined for the Site is presented. 
16 
17 Chapter 5--Chapter 5 describes the chemical properties, persistence, and mobility of selected 
18 contaminants originating from the contaminant source areas at the Site, and presents transport 
19 calculations for air and ground water contaminants. 

') 

1 Chapter 6 Chapter 6 presents the human health baseline risk assessment for the Site including 
22 exposure an(! toxicity assessments, and quantitation of risk. In addition, an evaluation of the 
23 uncertainties associated with the risk assessment is presented. 
24 
25 Chapter 7--Finally, Chapter 7 summarizes the results, evaluations, and conclusions of the Rl. 
26 

27 Appendices A through M consist of the physical and chemical data collected during the R1 including 

28 boring logs, monitoring well construction logs, geotechnical data, water elevation data, hydrographs, 

29 slug test data, analytical data tables and validation memorandums, contaminant transport modeling 

30 data, and pertinent baseline risk assessment tables. 

31 

32 1.2 Site Description 

33 

34 EM Science is a Division of EM Industries, Inc., Hawthorne, New York. The EM Science property 

35 is comprised of 9 acres positioned in the Northern 112, Northwest 114, Section 28, Fractional 

36 Range 2, Township 4, Miami Purchase, Cities of Norwood and Cincinnati, Hamilton County, Ohio 

37 with latitude 39' 9' 55" and longitude 84'26' 10" (Figure 1-1). The EM Science facility is located 

38 northwest of the intersection of Interstate 71 (I-71) and State Route 562 (also referred to as S.R. 562 

39 or "Norwood Lateral") and is bounded by Highland Avenue on the north, the Norwood Lateral on the 

''l south, Shepherd Chemical Company on the west, and a Norfolk Southern railroad embankment on the 

1 east (Figures 1-2 and 1-3). The western portion of the property lies within the City of Norwood and 
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1 occupies approximately 6.62 acres. The eastern portion of the EM Science property is located within 

2 the City of Cincinnati and occupies approximately 2.38 acres. Most of the plant operations through 

3 the years have been conducted on the Norwood portion of the property. The EM Science property is 

4 almost entirely paved with concrete or asphalt except for some gravel covered areas in the central and 

5 southern portions of the facility, and a grassy area east of Building 14. Figure 1-4 presents the paved 

6 and unpaved areas of the facility. 

7 
8 The EM Science property is located in a mixed commercial/industrial setting. The areas west and 

9 north of the facility consist predominantly of industrial manufacturing, warehousing, chemical 

10 production, and service companies. A few residential houses are located northwest of the EM 

11 Science property along Highland Avenue. Immediately beyond the Norfolk Southern railroad 

12 embankment, the topography east of the facility steeply slopes to a lower parking lot belonging to 

13 Duramed Pharmaceutical, Inc. South of the EM Science property, the Norwood Lateral and 

14 associated on and off-ramps separate the facility from I-71 and a residential area located 500 feet 

15 southwest of the property. The topography of the property previously included two ravines associated 

·) with the Duck Creek drainage system (referred to as the East and West Ravines in the RI/FS Work 

, 7 Plan). Duck Creek is situated in a concrete channel located approximately 600 feet southeast of the 

18 EM Science facility. The former East and West Ravines have been filled to present grade which 

19 slopes from an elevation of 614 feet above mean sea level (MSL) on the western perimeter of the 

20 property to approximately 598 feet MSL along the eastern property boundary. South of the EM 

21 Science property, the surface slopes abruptly (a 2 to 1 engineered slope) from an elevation of 

22 approximately 606 feet MSL to 580 feet MSL along the Norwood Lateral (Sheet 1-1). 

23 
24 1.3 Site Ownership and Property Development 

25 

26 The chronology of Site ownership and the development of the EM Science property was first 

27 presented in Section 2.1.0 (Property Background and History) of the RifFS Work Plan (p. 2-1 to 

28 2-12). This chronology has been further researched since the preparation of the RI/FS Work Plan 

29 and expanded to include the area southeast of the facility since work tasks were completed in this 

30 portion of the Site during the RI. The chronology was investigated by reviewing recorded deeds, tax 

31 maps, county directories, Sanborn Maps, topographic maps, Ohio Department of Transportation· 

32 (ODOT) S.R. 562 construction plans, and a sequence of historical aerial photographs taken in 1938, 

33 1951, 1956, 1959-60, 1962, 1968, 1977, 1982, 1986, 1988, 1989, 1990, and 1994. Portions of the 

34 City of Cincinnati topographic survey of 1912 and the U.S. Geological Survey topographic map of 

·) 1951 have been presented on Figures 1-5 and 1-6, respectively. 

,6 
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3 The EM Science property is composed of an original undeveloped parcel purchased by Coleman and 

4 Bell Co. in 1940 from John Douglas Co., as shown on Figure 1-7. Although the property was 

5 purchased in 1940, development did not occur until sometime in the late 1940s. The Hamilton 

6 County Directories for 1942, 1944 and 1946 indicate Coleman and Bell Co. to be at another location 

7 in Norwood during that time frame. However, the 1950 Sanborn fire insurance map indicates that a 

8 chemical warehouse existed on the extreme west end of the original parcel (currently occupied by 

9 EM Science Building 2, and the west portion of Buildings 5, 6, and 7) utilizing an address of 

10 2831 Highland Avenue. 

11 
12 In 1954, the Matheson Co. Inc. purchased the facility and operated it under the name of Matheson 

13 Coleman & Bell. The 1957 Hamilton County Directory indicates the address of Matheson Coleman 

14 & Bell as 2909 Highland Avenue. In 1967, a merger with Will Ross, Inc., a Wisconsin corporation, 

15 created a separate operating entity, renamed in 1970 to MC/B Manufacturing Chemists. In 1973, 

~ <. G.D. Searle acquired Will Ross. Inc. making it a Delaware Corporation while operating the facility 
under the former name. In 1977, EM Industries, Inc. purchased the facility and operations. In 1981 , 

18 EM Industries dissolved MC/B Manufacturing Chemists and the facility has since been operated as 

19 EM Science. 

20 

21 The eastern triangular section of the property located in the City of Cincinnati corporation limits was 

22 added to the original parcel in 1966. This parcel was purchased from Abe Byer. Abe Byer utilized 

23 the topographic flat northeastern corner of the parcel in conjunction with the American Compressed 

24 Steel Corporation warehouse and storage facility located on the north side of Highland A venue. The 

25 majority of the parcel consisted of an undeveloped ravine with an unnamed stream (referred to as the 

26 East Ravine). Prior to Abe Byer purchasing the property in 1948, the parcel was owned by The 

27 Beacon Construction Co. back to 1946. 

28 

29 Another acquisition occurred in 1969 with the addition of the southern triangular section. This parcel 

30 of undeveloped and wooded land was purchased from Marie Gravenkemper as a result of the tract 

31 being landlocked during the right-of-way acquisition for S.R. 562. 

32 
33 Off -Property Development to the Southeast 

34 
- <; The railroad located to the east of the EM Science property was constructed by the Philadelphia, 

Cincinnati, Chicago, and St. Louis Railroad Company in the early 1930s. The right-of-way has been 
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1 utilized as a railroad line since tbat time but has had numerous interim operators (Philadelphia, 

2 Baltimore and Washington Railroad Co.; Pennsylvania Railroad Co.; Consolidated Rail Corp; and 

3 Norfolk and Western Railway Co.) and is now operated by Norfolk Southern Corporation. 

4 
5 Adjoining the EM Science property to the south is the ODOT highway right-of-way for S.R. 562 

6 which was purchased in 1967. Prior to construction of the highway in the early 1970s, the property 

7 was owned by Marie Gravenkemper and was undeveloped wooded land. 

8 
9 The property on the southeast side of the railroad and currently part of the S.R. 562 right-of-way was 

10 purchased in 1967 by ODOT from the O'Neal Company (flk/a Anchor Motor Freight). Anchor 

11 Motor Freight developed the property in the mid-1950s by clearing, grading, and containing the 

12 southern extension on the East Ravine stream into a culvert. The area was then utilized for 

13 semi-trailer parking in conjunction with a car transport trucking operation. Prior to the mid 1950s, 

14 the property was undeveloped and wooded. 

15 
· 'i Property Boundarv Discrepancy 

.I 

18 During the RI investigation, a property boundary discrepancy between ODOT right-of-way maps and 

19 a plot plan from EM Science deeds prepared by an Ohio Land Surveyor was noted. The discrepancy 

20 caused a notch to be cut out of the southern tip of the 1966 parcel, as shown in Figure 1-7 (parcel 

21 additions figure). The notch was caused by an incorrectly prepared deed during the acquisition of 

22 land by ODOT for the S.R. 562 right-of-way in 1968. ODOT was contacted on the discrepancy in 

23 early 1995. A Quit-Claim Deed was prepared by ODOT, executed by EM Science, and recorded at 

24 the Hamilton County Recorders Office in July 1995. 

25 

26 1.3.1 Development and Grading 

27 

28 1940 Parcel 

29 

30 The development of the original 1940 parcel was generally from the west to the east straddling a 

31 northwest trending drainage ravine (referred to as the former West·Ravine). The former West Ravine 

32 was sequentially filled to the approximate surrounding grade over a 20-year period between 1952 and 

33 1971. 

34 
-'i 
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3 The development of the 1966 parcel was pre-dated by the construction of the railroad embankment in 

4 the early 1930s just to the east. The railroad embankment, with an upper elevation of approximately 

5 600 feet above MSL, was constructed across the former East Ravine which bottoms out beneath the 

6 railroad at just under 565 feet MSL (Sheet 1-1). A cast-in-place, 8-foot square concrete culvert was 

7 installed during construction of the railroad embankment to facilitate surface water drainage at the 

8 bottom of the former East Ravine. 

9 
10 This tract was first developed in the northeast corner by filling of the eastern half of the former East 

11 Ravine which was bounded to the east by the railroad embankment. Continued filling of the eastern 

12 side of the ravine up to the late-1950s caused a deflection of the stream to the west from its previous 

13 channel. The content and origin of the fill material during this time are not known. Filling of the 

14 ravine appeared to have slowed in the 1960s because the area became overgrown by vegetation. 

15 

After acquisition of the parcel by the facility in 1966, the excess soil from the construction of the 

basement in the southern half of Building 17 was placed in the southwestern side of the East Ravine 

18 behind Building 14. In 1972, an 84-inch concrete culvert was placed in the stream bed and the East 

19 Ravine was filled to approximately 15 feet below the adjacent terrace to the west by 1977. The fill 

20 material is reported by contemporaneous employees to be a nonengineered fill material consisting of 

21 off-property general construction and demolition debris. One reported source of the material was 

22 demolition debris resulting from the consttuction of the Surrey Square Mall in Norwood. The area 

23 was developed as a parking lot by 1977. By 1982, the pH/Neutralization facility had been 

24 consttucted. In 1990, a vaulted tank farm was constructed on the west side of the parcel. 

25 

26 1969 Parcel 

27 

28 The southern triangular tract was undeveloped and wooded when purchased in 1969. The facility 

29 developed the western end of the area in 1970 with the construction of a packaging material 

30 warehouse (Building 18). 

31 

32 Adjoining ODOT Right-of-Way Parcels 

33 

34 In the late 1960's, ODOT acquired the parcels for the consttuction of the I-71/S.R. 562 interchange 

with some tracts being originally purchased by the City of Cincinnati and later transferred to ODOT. 

All parcels were purchased as limited access right-of-way (LIA-R/W) tracts, except for the 

CHAPTERI.RIIHYM 
10121196 

1- 7 



EM Science RI Report 
Chapter 1 

October 25, 1996 

1 pre-existing railroad right-of,way tracts. On these tracts, ODOT obtained a limited access (LI A) lease 

2 from the railroad company to construct and maintain a limited access highway across railroad 

3 property. This lease agreement with the railroad requires ODOT to maintain all structures (i.e. 

4 bridges, retaining walls, embankments, and storm water drainage) below the railroad ballast bed 

5 within the lease area. 

6 
7 ODOT constructed the west bound S .R. 562 lanes adjoining the EM Science property to the south by 

8 removing existing soils to allow for a highway at a lower level. The cut slope adjoining the property 

9 was stabilized at a 2 to 1 grade (1 foot rise for every 2 feet horizontal). The construction also 

10 required the removal of the original railroad embankment including a 36-inch concrete drainage 

11 culvert which extended southeast of the property (see the location of the former 36-inch culvert on 

12 Sheet 1-1). The former railroad embankment was replaced with a railroad overpass. A new 27-inch 

13 storm water drainage system was installed to acconnnodate drainage from the former West Ravine 

14 and highway stonn water drainage. The 27-inch stonn sewer extends beneath S.R. 562 and then 

15 turns to the east between Ramps J and K, as shown on Sheet 1-1. 

'j 

The highway construction east of the railroad required the placement of an engineered soil fill and 

18 modifications to the storm and surface water drainage system. The engineered fill transitioned 

19 between the cut section to the west and the multilevel embankments of the 1-71 interchange to the 

20 east. The storm water drainage modification affected the southern extension of the stream from the 

21 East Ravine. The 84-inch culvert previously installed by Anchor Motor Freight was removed and 

22 reinstalled to new specifications. Farther to the south, the natural channel of the Duck Creek was 

23 channelized into a twin 12 feet by 12 feet box concrete culvert. 

24 
25 Underground Utilities 

26 
27 The EM Science facility is serviced by underground utility lines for natural gas, potable water, fire 

28 water, storm water, sanitary sewer, and process water sewers. The natural gas lines, water lines 

29 (both potable and fire), process water sewers, and revised storm water system are shallow (less than 

30 4 feet deep) and have little influence on the Site hydrogeology. The sanitary sewer and original storm 

31 water system are generally deeper than 5 feet and may influence shallow perched ground water zones. 

32 The facility has sanitary service to buildings located on the north and west sides of the facility. These 

33 buildings are upgradient to areas which have been impacted by the production operations and tap into 

34 the Highland A venue sanitary sewer. 
'5 
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1 The Highland Avenue sanitary sewer trunk line leaves Highland Avenue, cuts across the 1966 parcel 

2 and ODOT right-of-way, and connects to the Duck Creek sanitary sewer trunk line. Prior to the 

3 filling of the East Ravine, this line was very shallow to above ground in order to maintain the 

4 required drop in elevation and configuration of the existing slopes. As discussed further in Section 

5 1.4, the facility had a process water tap into this sewer line above ground east of Building 10. When 

6 the East Ravine was filled between 1972 and 1977, the sewer line was replaced and rerouted slightly 

7 to the east due to the filling of the ravine. 

8 
9 1.4 History of Operations and Waste Activities 

10 

11 As discussed above, several different entities have owned and operated the facility before EM 

12 Industries purchased the property in 1977 and, since the late 1940s, the size of the EM Science 

13 property and the number of buildings and structures increased as operations expanded. The 

14 operations at the facility have consisted of the synthesis, purification, formulation, repackaging, and 

15 warehousing of organic and inorganic solvents, other liquids, powders, and acids. The early chemical 

' 'i manufacturing operation included the synthesis of some color pigments and other organic and 

I inorganic reagents. In the late 1950s, the manufacturing operation was expanded to include the high 

18 purity distillation of organic solvents for laboratory and specialized industrial uses. Over the last 

19 25 to 30 years, the high purity distillation production operation was expanded and improved by 

20 former operators and EM Science to the current level of operation. 

21 

22 The historical and current operations at the facility have taken place in 21 buildings (including one 

23 former building) and up to 5 mobile office trailers. The buildings and trailers have been utilized for 

24 various functions that include distillation of chemicals, the repackaging of chemicals from bulk 

25 quantities, warehouse storage of chemicals, offices, and maintenance. In addition, 13 current and 

26 former operational structures have been used for chemical storage, neutralization, distillation, and 

27 transfer, and heating oil storage. The locations of current buildings and operational structures are 

28 shown on Figure 1-2. 

29 

30 A summary of the operations that have taken place in the buildings and the historical and current 

31 utilization of the operational structures are shown on Table 1-1 and· Table 1-2. The buildings where 

32 historical and current manufacturing operations have taken place include Buildings 3, 4, 9, 10, 11, 

33 and 19. Building 4 operations included container filling and repackaging of solvents, organic and 

34 inorganic liquids, and acids. Building 11 has been used for dye manufacturing and packaging of 

· ~:; solvents. Buildings 3, 9, and 10 were used as the primary manufacturing facilities until Building 19 

0 was constructed in 1972 to handle most of the chemical synthesis, distillation, and packaging 
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1 operations. Administrative support activities have occurred in the area along the north side of 

2 Building 19 since the late 1970s. When Building 19 was constructed in 1972, the sanitary waste 

3 sewer system from the building was directed to the north along Highland Avenue; the process 

4 wastewater sewer system was directed to a Metropolitan Sewer District (MSD) sewer tap located east 

5 of the pH/Neutralization Building. 

6 
7 In conjunction with the historical operations of the facility by previous owners, chemical burial, 

8 discharge, and leakage events occurred within the central and southern portions of the property from 

9 the 1950s to the early 1970s. This included chemical discharge from process buildings, underground 

10 pipes and operational structures, leakage from piping associated with aboveground and underground 

11 storage tanks, and burial of waste chemicals, containers, and general construction debris in the former 

12 West Ravine. Historically, the majority of the operational releases were derived from chemical spills, 

13 washdown water, process discharges from manufacturing buildings, or from releases associated with 

14 storage tanks. Some of the manufacturing buildings contained floor drains which provided a pathway 

15 for spilled chemicals and washdown water to enter underground process lines or trench drains. Some 

' "i of the process lines and trench drains then leaked chemicals to soil or discharged liquids directly to 

•. I the ground surface. Previous Site investigations and Section 3.3.1.0 (Contaminant Sources) of the 

18 RI/FS Work Plan (p. 3-24 to 3-28) identified three major areas where historical chemical releases 

19 occurred: 

20 

21 The central and southeastern portion of the property which contains the soil, chemical debris, 
22 and construction demolition debris used to fill-in the former West Ravine including a storm 
23 water discharge pipe at the mouth of the ravine. 
24 
25 The area immediately south of Building 10 (former chemical distillation and production 
26 building). This area contained a process sewer line that originated from Building 10 and ran to 
27 the former West Ravine discharging into the ravine. In 1957, this line was rerouted to the 
28 sanitary sewer line in the former East Ravine. When rerouted to the sanitary sewer in 1957, 
29 this line was connected to an underground concrete pH/neutralization pit that was used to treat 
30 liquid waste before it was discharged to the sanitary sewer in the East Ravine. 
31 
32 The Building 4 area where a trench drain discharged from the northeast and southeast corners 
33 of the building and where a tank farm was formerly located just east of the building. 
34 
35 A more detailed summary of the historical chemical waste practices that have occurred at the property 

36 is presented below. Buildings and operational structures referenced below are shown on Sheet 1-2, 

37 Table 1-1, and Table 1-2. 
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3 An outline of the former West Ravine in shown on Sheet 1-1. The filling of the West Ravine drainage 
4 channel with soil, waste chemicals and other debris occurred between 1952 and 1971. The West Ravine 
5 was progressively filled from the northwest to the southeast, and is characterized by three distinct 
6 sections: the upper, middle, and mouth portions. The upper portion of the West Ravine extends from 
7 Building 5 to the northeast corner of Building 17. Historical knowledge indicates that the upper portion 
8 of the West Ravine was filled primarily with soil, vegetation, construction debris, and small amounts of 
9 waste chemicals. Early aerial photographs support reports that little manufacturing or processing was 

10 occurring at the facility during the filling of the upper portion of the West Ravine. The on-property 
11 processing activities that were taking place in the late 1950s primarily included dye manufacturing and 
12 inorganic synthesis. 
13 
14 Along with soil, the middle and mouth portions of the West Ravine received broken and unbroken glass 
15 bottles and other chemical containers that were either empty or contained out -of-specification, mislabeled, 
16 overstocked, contaminated, or otherwise nonmarketable materials. Most of the containers that were 
17 disposed of were Jess than I gallon in size; however, it is believed that containers up to 55-gallons in size 
18 may also represent a small portion of the material. In April 1960, the main chemical warehouse on the 
19 property at that time (Building 5) caught fire. Chemical and building debris from the fire were placed 
20 into the middle portion of the former West Ravine and buried. The middle portion of the ravine also 
21 received effluent from a process sewer line that extended south from Building 10 to the eastern slope of 

l the former ravine (Operational Strucmre A in Sheet 1-2). Surface soils near the bottom of the ravine 
3 received most of the discharges from the sewer. Clay-rich soil and construction demolition debris (e.g. 

24 concrete, trees, timbers, asphalt, bricks, lumber, etc.) were also used to fill the middle and lower 
25 portions of the West Ravine and constitute most of the buried material. According to the 1912 and 1951 
26 topographic maps, the middle portion of the West Ravine prior to filling was approximately 15 to 20 feet 
27 deep and 60 to 100 feet wide. The depth of the mouth of the former West Ravine was approximately 20 
28 feet and the width between 150 and 200 feet. 
29 
30 As facility expansion occurred, some of the excavated soils were placed in the middle and mouth portions 
31 of the West Ravine in addition to soils and construction demolition debris from off-property sources. The 
32 debris from the 1960 Building 5 fire is believed to have been buried along a line east of the northeast 
33 corner of Building 4. A storm sewer was constructed at the bottom of the ravine as the fill face 
34 proceeded to the southeast. The slope of the fill material and the terntinus of the storm sewer are situated 
35 in the mouth of the West Ravine (Sheet 1-1). The end of the storm sewer consists of a 15-inch diameter 
36 clay tile pipe that is referred to as the "Outfall." Currently, the upper portion of the former West 
37 Ravine is paved with asphalt and concrete. The middle and mouth portions are covered with soil, gravel, 
38 or concrete. 
39 
40 During the 1950s and 1960s, surface water drainage at the bottom of the West Ravine flowed to a 36-inch 
41 pipe located about 25 feet off-property, as discussed in Section 1.3. When the 36-inch pipe was removed 
42 during the construction of S.R. 562 in the late 1960s, surface water from the West Ravine flowed to the 
43 S.R. 562 storm water collection system. In 1983, EM Science put into operation a surface water sump 
44 collection system (Sump-562) located approximately 35 feet southeast of the Outfall (Sheet 1-1). Sump-
45 562 consists of a buried concrete collection pit and two concrete collection ditches: one constructed from 
46 the West Ravine Outfall pipe area to the sump chamber, and the other going up the S.R. 562 ditch to the 
'7 west. These two concrete channels are used to direct storm water flow into Sump-562. The western 
3 concrete ditch also collects contaminated ground water that seeps to the surface along the S.R. 562 cut 
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1 bank (Sheet 1-1 and Sheet 1-2). This small area of seepage is generally referred to as "Seep-562". 
2 Surface water and ground water collected at Sump-562 is pumped to the on-property pH/Neutralization 
3 Building. 
4 
5 2. Buildings 3 and 10 
6 
7 Building 3 was part of the historical manufacturing complex along with Buildings 9 and 10. 1t was 
8 utilized for warehousing and pigment drying and grinding operations from the late 1940s to 1978. Since 
9 1978, the building has been used as a maintenance shop. Building 10 was used for the synthesis of 

10 inorganic pigments from 1951 to 1957, and from 1957 to 1983 for the production of high purity volatile 
11 organic compounds (VOCs) through solvent distillation and synthesis operations. Floor drains in 
12 Building 10 were tied to a sewer line that extended approximately 180 feet south to an outfall located 
13 along the north side of the former West Ravine (Operational Structure A in Sheet 1-2). The waste liquids 
14 discharged from the outfall pipe were released to the surface soil and either infiltrated the soil or washed-
IS off down the slope of the West Ravine. The process sewer and outfall were in service until 1957 at which 
16 time the sewer line was tied directly to the pH/neutralization tank and to a MSD sanitary sewer. The 
17 pH/neutralization concrete tank was constructed in 1957 approximately 100 feet east of Building 3 
18 (Operational Structure Bon Sheet 1-2). Rinseate that entered into the pH/neutralization tank was treated 
19 and then discharged to a sewer line that extended to a former MSD sanitary sewer tap located 
20 approximately 200 feet to the east in the former East Ravine (Operational Structure Con Sheet 1-2). 
'U 

d 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
'7 

The treatment efficiency of the pH/neutralization tank was difficult to control and mouitor so it was taken 
out of service by MCB in the early 1970s. At that time the waste water was routed directly to the MSD 
sanitary sewer located along the western slope of the former East Ravine. Due to the topography of the 
western slope, the MSD sanitary sewer was constructed above the ground surface on piers in the area of 
the tap connection. As the East Ravine was filled, the sewer line was buried below grade. In the late 
1970s, MSD installed a new sanitary sewer in the recently filled ravine. The new sewer line was located 
just to the east of the former line in a more north-south orientation (Sheet 1-1). After the former MSD 
sanitary sewer was taken out of service, a new pH/Neutralization Building was constructed by EM 
Science in the eastern portion of the property (Structure Jon Sheet 1-2). After construction of the new 
facility, the existing process sewer lines were redirected to the pH/Neutralization system. After 
treatment and testing following MSD permit requirements, the process water is then discharged to the 
new sanitary sewer. 

3. Building 4 and Former Tank Farm 

Building 4 was constructed with a concrete floor trench drain located along the eastern wall of the 
building. From the 1950s to approximately 1967 spillage and leakage from solvent container filling and 
vacuum liquid transfer lines were directed to the floor trench drain. Originally, the trench drain exited 
the building from both the north and south ends, adjacent to the east wall. Discarded liquids were 
released to the ground surface. Runoff from the north end of the floor trench discharged into the 
adjoining former West Ravine until 1967. In 1967, the discharge was tied into a storm sewer that 
connected Building 17 with a newly constructed portion of the storm sewer in the West Ravine. In 1982, 
a process sewer was constructed by EM Science that connected the trench drain to the newly constructed 
pH/Neutralization Building. 

A former chemical Tank Farm was located east of Building 4 and consisted of aboveground and 
underground storage tanks with capacities ranging from 4,000 to 15,000 gallons, and a tanker uuloading 
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1 station (Structure E in Sheet 1-2). Organic solvents such as hexane, toluene, acetone, and 1,4-dioxane 
2 were stored in the tanks along with alcohols, ethers, and petroleum products. Fifteen aboveground tanks 
3 were constructed between 1958 and 1962 to support the repackaging operations in the adjoining 
4 Building 4. In 1968 and 1969, 11 underground storage tanks were added to the Tank Farm. No 
5 inventory control mechanisms were in place during the operation of the Tank Farm by prior owners of 
6 the property. The former Tank Farm was closed in 1990 by EM Science after a new aboveground Tank 
7 Farm was constructed east of Building 19 (Operation Structure Lin Sheet 1-2). Under an agreement with 
8 state and local regulators (Ohio State Fire Marshal, Ohio EPA and Norwood Fire Department), no)soil 
9 sampling was done by EM Science during the closure of the Tank Farm since it was decided that the soils 

10 would be assessed as part of the Rl. The new aboveground Tank Farm is encased in concrete and 
11 consists of eight 16,000-gallon tanks. A diked unloading station is situated on the east side of the new 
12 Tank Farm. Chemicals stored in the tanks are transferred directly to Building 19 by process lines. 
13 
14 In addition to the former Tank Farm, two aboveground tanks were located south of Building 10. The two 

15 tanks were 1 ,500-gallons in capacity and were installed between 1956 and 1962 by Matheson, Coleman 
16 and Bell (Operation StructureD in Sheet 1-2). The tanks supported the distillation and/or repackaging 
17 operations for Buildings 3, 9 and 10. The tanks were taken out of service in 1988 and removed by 
18 EM Science in 1990. 
19 
20 4. Spent Oleum Pit and Drum Storage Pad ..,, 

) 
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From 1966 to 1971, spent oleum (fuming sulfuric acid), solvents and other liquid wastes generated from 
production operations were disposed of by Matheson, Coleman and Bell and MC/B in a 4-feet square 
concrete pit located above the filled West Ravine (Operation Structure Fin Sheet 1-2). The depth of the 
former pit is unknown. A built-in water spray system served to dilute waste liquids prior to release into 
the storm sewer located within the former West Ravine. Also in this area of the facility, an 80 feet by 80 
feet uncontained concrete drum storage pad was constructed prior to 1966 by Matheson, Coleman and 
Bell for the storage of 55-gallon drums and other chemical containers (Operational Structure G in Sheet 
1-2). In 1990, EM Science upgraded the drum storage pad area by the pouring of a new concrete pad 
with diked curbing on top of the former pad. This converted the uncontained drum storage area into a 
contained drum storage area. In 1992, the contained drum storage area was enlarged on the north and 
east sides to its present configuration. 

5. East Ravine 

As described in Section 1.3, the former East Ravine was a natural north-south surface water drainage 
ravine located on the eastern side of the facility. The filling of the former East Ravine appears to have 
been underway prior to 1938 and continued into the 1970s with the construction of the 84-inch storm 
sewer and the new MSD sanitary sewer. Like the West Ravine, the East Ravine fill is paved with asphalt 
and concrete in most places and grass and gravel in others. The content and exact origin the materials 
utilized to fill the East Ravine through the years is relatively unknown but is believed to be primarily non
engineered soil from local off-property foundation and surface grading excavations along with general 
construction debris. There is no record of chemical disposal in the East Ravine from either on-property or 
off-property sources. The filling of drainage ravines with local soil and materials was common in the 
immediate vicinity of the Site during the first half of this century as properties were developed for 
commercial and industrial purposes. According to historical topographic maps, the former East Ravine 
was approximately 35 feet deep and 250 to 300 feet wide prior to being filled. 
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Originally, the surface water drainage at the facility was controlled by the northwest -to-southeast trending 
perennial streams in the bottom of the former West and East Ravines. Both the East and West Ravines 
originally joined Duck Creek located approximately 600 feet down stream of the property. As discussed 
above, property development between 1953 and 1972 and the construction of S.R. 562 between 1969 and 
1972 have considerably altered the topography and surface water drainage patterns of the Site through the 
construction of a series of below-grade storm water conduits. In 1987, EM Science initiated a storm 
water management program to minimize storm water runoff at the mouth of the West Ravine as discussed 
in more detail in Section 1. 7 (Interim Actions). 

1.5 Regulatory History 

In April 1981, the Ohio EPA observed leachate at the mouth of the former West Ravine during a 

Resource Conservation Recovery Act (RCRA) inspection of the facility. The Ohio EPA sampled the 

leachate and detected elevated concentrations of VOCs such as chloroform, methylene chloride, and 

trichloroethene; and metals such as arsenic, chromium, and lead. In December 1981, the U.S. EPA, 

Region V, collected samples of leachate at the mouth of the West Ravine including effluent from the 

Outfall and also detected the presence of elevated concentrations of VOCs and semi-volatile organic 

compounds (SVOCs). During subsequent inspections in October 1984 and March.1985, the Ohio 

EPA again detected elevated concentrations of VOCs in the Outfall area and in on--property ground 

water monitoring well MW4. In April 1986 the Ohio EPA conducted a removal Preliminary 

Assessment (PA) of the facility under the Comprehensive Enviromnental Response Compensation and 

Liability Act (CERCLA). 

After the initial contaminant data was collected in the Outfall area by the Ohio EPA and U.S. EPA, 

EM Science began to voluntarily assess the nature and extent of contamination at the Site. An initial 

"DRAFT" Rl/FS Work Plan was submitted to the Ohio EPA on December 11, 1985 for review and 

comment even though EM Science was not under an AOC with the agency at that time. Negotiations 

for an AOC were initiated between EM Science and the Ohio EPA on September 6, 1986, with the 

transmittal of a "DRAFT" AOC to cover a FS Work Plan, FS Report, and the performance of 

remedial activities. Although EM Science and the Ohio EPA were working toward an AOC, the 

agency indicated that further RI work performed at the Site by EM Science would be at EM Science's 

own risk, with no formal oversight or concurrence by the Ohio EPA. Realizing this, EM Science 

proceeded with voluntary RI sampling activities focused on identifying potential contaminant source 

areas and off-property contaminant migration pathways. Subsequently, three DRAFT RI Reports, 

dated November 7, 1986, November 10, 1988, and February 7, 1990, were submitted to the Ohio 

EPA. The Ohio EPA provided comments to each of the DRAFT RI Reports to assist EM Science in 

identifying potential data gaps in its voluntary investigations. 
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1 In an October 3, 1990 letter to EM Science, the Ohio EPA provided formal comments on the 

2 February 7, 1990 DRAFT RI and preliminary DRAFT FS reports and identified several areas which 

3 would require additional extent of contamination analysis prior to finalizing the investigatory stage of 

4 the Site. Additionally, the Ohio EPA indicated in a May 31, 1991 letter that an AOC to govern the 

5 management and completion of future RifFS activities was being prepared. In October 1991, a 

6 U.S. EPA Field Investigation Team (FIT) conducted a Screening Site Inspection (SSI) at the EM 

7 Science facility as a follow-up to the 1986 PA to determine if the Site was a possible candidate for the 

8 National Priorities List (NPL) under CERCLA and the Superfund Amendments and Reauthorization 

9 Act (SARA). During the SSI, the FIT collected six ground water and four surface soil samples. 

10 

11 On December 24, 1992 EM Science and the Ohio EPA entered into an AOC to conduct an RifFS for 

12 the Site. Pursuant to the AOC, EM Science submitted a DRAFT RifFSWork Plan and supporting 

13 documents to Ohio EPA on March 22, 1993. Upon receipt of Ohio EPA comments, dated 

14 May 14, 1993, EM Science revised the DRAFT RifFS Work Plan and resubmitted the document to 

15 Ohio EPA on July 19, 1993. On October 19, 1993, Ohio EPA provided comments on the revised 

• 'i DRAFT RifFS Work Plan and requested that a Revision 2 be submitted. On November 19, 1993, 

Revision 2 of the EM Science RifFS Work Plan was submitted to the Ohio EPA. Ohio EPA 

18 comments on Revision 2 were verbally transmitted to EM Science during conference calls on January 

19 4, 12 and 21, 1994. EM Science addressed Ohio EPA's comments by inserting revised pages into 

20 Revision 2 during meetings with Ohio EPA on February 1 and 10, 1994. Subsequently, Revision 2 

21 of the RifFS Work Plan was approved by the Ohio EPA on February 28, 1994. 

22 

23 1.6 Previous Investigations 

24 

25 After EM Science purchased the property in 1977, it voluntarily conducted a series of investigations 

26 between 1981 and 1990 to assess the environmental conditions at the Site, as described in Section 1.5. 

27 EM Science retained two different environmental consulting firms to conduct the previous 

28 investigations: Soils and Material Engineers from 1981 to 1987, and The Payne Firm from 1987 to 

29 1990 (The Payne Firm was formerly known as Payne Riemer Group, Inc. from 1987 to 1992). The 

30 Payne Firm is also the environmental consultant for the current Rl. 

31 

32 The work scopes developed for the 1981 to 1990 investigations were based on a diverse array of 

33 objectives without Ohio EPA oversight or an agency approved, comprehensive RifFS Work Plan. 

34 The work scopes and tasks were pritnarily focused on: 1) obtaining technical data to support 

~ 'i responsible party litigation against previous owners of the facility; 2) identifying contaminant source 

J areas where known releases occurred; 3) assessing the waste characterization and volume of 
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1 contaminated materials in the former West Ravine; and, 4) collecting hydrogeological and 

2 contaminant data for the implementation of interim remedial actions. The investigations included the 

3 drilling of 34 waste characterization and stratigraphic borings and the installation of 52 ground water 

4 monitoring wells. Most of the results from the 1981 to 1990 investigations were presented to the 

5 Ohio EPA in the fonn of work plans, reports, letters, and the November 1986, November 1988, and 

6 February 1990 DRAFT RI Reports so that the Ohio EPA was kept informed of the conditions at the 

7 Site. The three DRAFT RI Reports addressed the fmdings and conclusions of the specific objectives 

8 undertaken by EM Science. After the submission of the February 1990 DRAFT RI Report, no 

9 further investigations were undertaken by EM Science until the current RifFS was initiated in 

10 November 1993. A bibliography of the applicable existing documents associated with the 1981 to 

11 1990 investigations was presented in Section 2.3.1.0 of the November 1993 RifFS Work Plan 

12 (p. 2-27 to 2-28). 

13 
14 · The most comprehensive of the previous three DRAFT RI Reports was the February 7, 1990 version 

15 (1990 RI Report). The purpose of the 1990 RI Report was to summarize the pertinent field and 

• 'i analytical data that had been collected during the 1981 to 1990 investigations. According to the Ohio 

EPA, however, the data, supporting information, and conclusions presented in the 1990 RI Report 

18 were not sufficient enough to: 1) completely define the nature and extent of soil and ground water 

19 contamination at the Site; 2) provide a thorough hydrogeological assessment of deeper lacustrine and 

20 till deposits beneath the Site; 3) quantify the actual or potential risks to human health and the 

21 environment; and, 4) provide a quantitative analysis of the representativeness and useability of the 

22 existing analytical data base. 

23 

24 The RifFS Work Plan reviewed the pertinent historical data presented in the 1990 RI Report in 

25 Sections 2.3.0 (Previous Investigations, p. 2-26 to 2-38) and 3.1.0 (Review of Existing Data, p. 3-1 

26 to 3-14). One aspect that was recognized during the review of the data and the development of the 

27 RifFS Work Plan was that the historical analytical and geological data bases provided a good basis for 

28 establishing the objectives, data needs, and goals of this RI, and in particular, identifYing critical 

29 nature and extent and risk assessment data gaps. For example, the data presented in the 1990 RI 

30 Report were used to develop a preliminary geologic model of the Site, identify potential pathways of 

31 contaminant migration, preliminary remedial action objectives, and·remedial action alternatives, 

32 establish preliminary remediation goals (PRGs), and to assess applicable or relevant and appropriate 

33 requirements (ARARs). These issues were presented in Sections 3.3.0 through 3.7.0 of the RifFS 

34 Work Plan (p. 3-24 to 3-67). From the development and assessment of these issues, the data needs 

· ~'\ for this RifFS as presented in Section 4.3.0 (Data Needs) of the RifFS Work Plan (p. 4-6 to 4-72) 

~o and reviewed in Chapter 2 of tbis RI Report were established. As described in Section 3.1.0 of the 
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1 RI/FS Work Plan (p. 3-1 through 3-15), the data presented in the 1990 RI Report are being used for 

2 this Rl/FS in the following manner: 

3 
4 The analytical data presented in the 1990 RI Report are considered to be U.S. EPA Analytical 
5 Support Level (ASL) II data because of the difficulty, and in some cases the inability, to confirm 
6 the quality of the historical results produced by the several different laboratories used during the 
7 1981 to 1990 investigations. ASL II data is qualitative or semi-quantitative quality data that does 
8 not contain sufficient QA/QC supporting documentation to indicate that detected concentrations 
9 are quantitative results (U.S. EPA, 1989a). Because of the data quality and validation issues, the 

10 historical analytical data base has been used during the RI as general information for the 
11 evaluation of the nature and extent of contamination. During this RI, the historical analytical data 
12 were not used for contaminant transport of fate and transport modeling or in the baseline risk 
13 assessment. 
14 
15 The soil boring and monitoring well boring logs presented in the 1990 RI Report (and Appendix 
16 VI of the RI/FS Work Plan) were determined to be of sufficient quality to represent the 
17 stratigraphic conditions encountered during the 1981 to 1990 investigations. The geological data 
18 presented in the boring logs were used to develop the preliminary site geological model presented 
1 9 in Section 3.2.0 (Geologic/Hydrogeologic Preliminary Site Model) of the RI/FS Work Plan 

) (p. 3-15 to 3-23). The boring log data were used in this RI to supplement the refinement of the 
-1 preliminary site geological model as discussed in Chapter 3 of this report. 
22 
23 Hydrogeologic data presented in the 1990 RI Report including aquifer hydraulic parameter data 
24 estimated from a pump test and limited slug tests, laboratory derived geotechnical properties and 
25 hydraulic conductivity values, and ground water elevation data were assessed and determined to 

· 26 be representative and reproducible. The historical hydrogeological data were used to supplement 
27 and evaluate the slug test, geotechnical, and water level data collected during this RI. 
28 
29 1. 7 Interim Actions 
30 

31 Several interim actions were implemented by EM Science prior to the initiation of the RI/FS. These 

32 actions were taken to mitigate the migration of contamination off-property and thereby reduce the 

33 potential for exposure to human health and the environment. Additionally, in accordance with the 

34 AOC and the RI/FS Work Plan, an Interim Action Efficacy program was performed as part of this 

35 RI. The purpose of the efficacy program was to evaluate each of the existing interim actions with 

36 respect to their design objectives. As a result of the efficacy program, an Interim Action Efficacy 

37 Report was submitted to the Ohio EPA on December 16, 1994. The purpose of the Efficacy Report 

38 was to document the evaluation of the existing interim actions and, based on the results, include either 

39 a proposal to continue or modify (if necessary) the on-going monitoring program, or propose 

40 modifications, upgrades, and/or additional interim actions to ensure that the existing performance 

l objectives of the interim actions were attained. The Efficacy Report was approved by the Ohio EPA 
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1 on March 20, 1995 with no modifications required. Details of the design and implementation of the 

2 interim actions will not be addressed in this R1 Report but may be found in the Interim Action 

3 Efficacy Report. The following paragraphs provide a brief overview of the interim actions which 

4 have been implemented at the site: 

5 
6 1. Surface Water Sump at the Mouth of the West Ravine 
7 
8 As discussed above, EM Science constructed a sump (labeled as Sump-562 on Sheet 1-1) at the 
9 mouth of the West Ravine in 1983 to intercept and capture surface water during storm events 

10 and seepage from the West Ravine fill. Sump-562 and associated collection ditches have been 
11 maintained and updated by EM Science over the years with improved controls and more 
12 efficient pumps. Non-contanrinated water from Sump-562 is segregated and bypassed such that 
13 an overflow of the system only occurs during severe storm events (greater than a 1 0-year, 
14 24-hour storm). The Efficacy Report demonstrated that the Sumpc562 has been successful at 
15 intercepting and capturing surface water at the mouth of the West Ravine except during intense 
16 precipitation events. The capture capacity was shown to be as much as four times greater than 
17 the design criterion of 0.34 inches/hour. 
18 
·" 2. Storm Water Management Program 

J 

21 In 1987 EM Science initiated a program to collect on-property storm water from process 
22 operations areas and redirect the collected storm water to discharge points under the jurisdiction 
23 of the City of Cincinnati storm water sewer district. The intent of the program was to mitigate 
24 overflows at Sump-562 and to redirect storm water runoff to minimize infiltration into the West 
25 Ravine fill. The storm water management program was implemented in four design and 
26 construction phases between 1987 and 1988. The program has been successful in limiting the 
27 contact of storm water with contaminants in soil and fill beneath the facility. 
28 
29 3. French Drain 
30 
31 A French Drain was designed and constructed between 1987 and 1988 by EM Science to 
32 intercept and collect contaminated ground water migrating eastward in a saturated sand unit 
33 (referred to as the Upper Member Sand in the Rl/FS Work Plan). The northern portion of the 
34 buried French Drain is located beneath the New Tank Farm. From the New Tank Farm, the 
35 French Drain extends southward to the east of Building 14 as shown on Sheet 1-1. Ground 
36 water collected by the French Drain is directed to the plant wastewater pH/Neutralization 
37 facility by Middle and South Lift Stations. A North Lift Station located north of the New Tank 
38 Farm is currently not being utilized. The French Drain has demonstrated to be an effective 
39 interceptor of contaminated perched ground water flowing beneath the central portion of the 
40 facility in the Upper Sand Unit, as presented in the Efficacy Report. 
41 
42 
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3 A hydraulic gradient control pumping well (P6A) was installed in July of 1992 by EM Science 
4 to prevent the eastward migration of contaminated ground water in a silty sandy clay unit which 
5 extends beneath the French Drain. The well is located east of the New Tank Farm (Sheet 1-1). 
6 Perched ground water extracted by pumping well P6A is also directed to the plant wastewater 
7 pH/Neutralization facility. The gradient control pumping well has attained the goal of 
8 mitigating the potential for off-property contaminant migration to the east and southeast. 
9 

10 One additional interim action was conducted during the RI following the requirements presented in 

11 Task 3 (Interim Actions) of the RifFS SOW. The interim action involved the construction of 

12 additional fencing at the mouth of the West Ravine to completely restrict access to the Outfall, 

13 Surnp-562, Seep-562 and exposed fill material. An Interim Action Work Plan (IA WP-1) was 

14 submitted to the Ohio EPA on October 31, 1995 which summarized the objectives and scope of the 

15 interim action. IAWP-1 was approved by the Ohio EPA on November 16, 1995 and construction of 

16 the fence was completed on January 22, 1996. 

17 
1.8 Interim Deliverables 

"9 
20 Interim deliverables to the Ohio EPA during the RI consisted of Monthly Status Reports, Technical 

21 Memorandums (TMs) and Technical Amendments (TAs). In conformance with the AOC, the 

22 Monthly Statns Reports described the RI activities that occurred at the Site during the month, reported 

23 the percentage of work completed in accordance with the project schedule, and described any 

24 deviations from planned tas¥. Technical Memorandums were used to inform the Ohio EPA Site 

25 Coordinator of the preliminary geological and analytical results of specific phases of work conducted 

26 during the course of the RI. The objective of the TMs were to present important aspects of the 

27 interim findings of the RI before the submittal of the RI Report so that the Ohio EPA and EM Science 

28 were in agreement on the scope and progress of the site investigation. Six TMs to the Ohio EPA 

29 were initially planned for the RifFS Work Plan project schedule. However, a total of nine were 

30 submitted. Table 1-3 lists the TM number, report date, Ohio EPA approval date and other pertinent 

31 information regarding these documents. 

32 

33 During the RI, additional out of scope tasks or modifications to original tasks presented in the RifFS 

34 Work Plan were needed because of unanticipated conditions encountered during field work. The 

35 justification, technical rationale, and technical scope for these tasks were presented to the Ohio EPA 

36 in Technical Amendments. Typically, a TAwas the culmination of several meetings, conference 

calls, and discussions with the Ohio EPA regarding the need and technical approach of the out of 
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1 scope or modified work task. Eleven TAs were submitted to the Ohio EPA Site Coordinator during 

2 the RI as shown on Table 1-3. 
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4 This chapter characterizes the geological, hydrogeological, and meteorological settings of the EM 

5 Science Site and surrounding area. The characterization of these physical environments is important 

6 to the RI process because the nature, extent and migration of contamination, plus the potential risk 

7 from exposure to the contamination, can not be fully assessed until the physiographic setting is 

8 sufficiently defined. This chapter addresses the requirements presented in Task SA (Environmental 

9 Setting), Sections 1 through 4 of the Ohio EPA's SOW, and the objectives of the RifFS presented in 

10 Section 4.1.0 of the Rl/FS Work Plan. Based on this, the primary objectives of this chapter are to: 

11 
12 Evaluate the regional hydrogeological characteristics of the area in the vicinity of the Site 
13 including a swnmary of the geographical setting and geological history, the identification and 
14 usage of regional aquifers, and a characterization of near surface soils and climatic conditions. 
15 
16 Characterize the. geologic deposits beneath the Site. This includes a refmement of the preliminary 
17 Site geological model presented in Section 3.1.2.0 (Geologic/Hydrogeologic Model) of the Rl/FS 

Work Plan. 
9 

20 Characterize the properties of the perched ground water system beneath the Site including ground 
21 water flow direction and rates, temporal fluctuations in ground water levels, and the 
22 interconnection between zones of saturation. 
23 
24 Identify the demographics (populations and sensitive subpopulations) of the area surrounding the 
25 Site including information regarding land use and ecological setting. 
26 
27 The most critical aspect of this chapter is the refinement of the preliminary Site geological model. 

28 Because of the extensive amount of deep rotosonic drilling that occurred during the Rl, and the 

29 comprehensive array of ground water monitoring wells distributed across the Site, the hydrogeological 

30 conditions beneath the Sit~ are well defined. This has led to the development of a representative Site 

31 Geological Model (SGM) which: 1) extensively identifies the geological and geotechnical properties 

32 of the geologic units within the SGM; and, 2) clearly depicts potential contaminant migration 

33 pathways within and out of the SGM including the identification of geological units which are capable 

34 of restricting contaminant movement. Based on the comprehensiveness of the SGM, it will be 

35 demonstrated that there are limited pathways for contaminants to migrate via ground water out of the 

36 SGM, and that potential vertical migration pathways are restricted by the Site wide occurrence of the 

37 Lower Till Unit and the presence of approximately 75 to 85 feet of unsaturated clay, silt, sand, and 

'8 gravel beneath the Lower Till. 
j 
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1 The discussion below begins with a review of the region-wide physical geography and hydrogeology, 

2 and then focuses on the critical geological properties of the SGM. After the SGM is discussed, other 

3 geographical aspects important for the baseline risk assessment are presented (e.g. population 

4 distributions, ecological features of the Site, and the utilization of land in close proximity to the Site). 

5 
6 3.1 Regional Physical Setting 

7 

8 This section describes the regional hydrogeological characteristics of the area surrounding the Site. It 

9 begins with a review of the physiographic characteristics of the area and then reviews the geological 

10 processes responsible for the thick sequence of unconsolidated deposits beneath the region. Finally, 

11 the meteorological characteristics of the area are defined. 

12 

13 3.1.1 Physical Geography 

14 

15 The EM Science Site is situated within the Till Plains Section of the Central Lowland Physiographic 

\ Province of mid-eastern North America which is characterized by gently rolling uplands and steep 

i I hillsides along major drainage basins. These major drainage basins have flat-bottomed valleys flanked 

18 on either side by bluffs that rise to a maximum of 200 feet above the general level of the valley floor 

19 or gently rise on an inclined slope to the uplands. The EM Science facility is located in one of these 

20 relatively flat valley bottoms above a one-mile wide buried glacial valley known as the Norwood 

21 Trough (Figure 3-1). The main geologic structural feature beneath the Norwood Trough is the 

22 Cincinnati Arch which is a broad upwarping of regional bedrock with a north-south axis. No major 

23 evidence of structural faulting or folding associated with the Cincinnati Arch has been observed at the 

24 surface in the Norwood Trough area. 

25 

26 The Norwood Trough was formed by the erosion of interbedded Middle and Late Ordovician Age 

27 shales and fossiliferous limestones during the Pleistocene Epoch (10,000 to 2 million years ago). The 

28 shale and limestone bedrock form the floor and valley walls of the Norwood Trough. After the 

29 Norwood Trough was created, the sedimentary bedrock valley was almost completely filled with 

30 approximately 200 to 250 feet of unconsolidated material derived from a variety of glacial 

31 depositional environments. The bottom of the Norwood Trough lies at about 375 feet MSL, or 

32 approximately 235 feet below the EM Science facility. Steep valley walls are located approximately 

33 1,500 feet northwest, north, and northeast of the facility where the topography rises from 580 feet 

34 MSL in the central portion of the valley to about 750 feet MSL at the top of the valley wall 

·~ (Figure 3-2). The rise to the top of the valley wall located 600 to 700 feet south of the facility is 

.56 more subtle. 
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1 The major drainage basins in the vicinity of the EM Science facility include the Mill Creek Valley 
2 located to the west, the Little Miami River Valley located to the southeast, and the Ohio River Valley 
3 located to the south (Figure 3-2). Like the Norwood Trough, these valleys were also formed during 
4 the Pleistocene Epoch which was a time of extensive valley "cutting and filling" as a succession of 
5 continental glaciers advanced and retreated in the area. During more recent geologic times, smaller 
6 scale drainage ravines formed on the surface of the Norwood Trough and directed intermittent run-off 
7 to larger streams. Within the Norwood Trough, most of the existing drainage ravines were filled 
8 with soil and debris during the middle of this century as land development intensified (e.g. the filling 
9 of the West and East Ravines during the 1950s and 1960s). During the filling, engineered drainage 

10 pipes or storm sewers were typically constructed in the bottom of the ravines by municipalities and 
11 industry to facilitate surface water drainage. The 84-inch storm sewer in the bottom of the East 
12 Ravine is an example of this type of construction. 

13 

14 Other surface water drainage conduits within the Norwood Trough are predominantly controlled by 
15 above ground and below ground engineered channels. Surface water in the immediate vicinity of EM 

'i Science drains to the Little Miami River Valley via Duck Creek which is located approximately 600 
1 feet southeast of the Site. In that area, Duck Creek has been engineered by the Ohio Department of 

18 Transportation (ODOT) to flow beneath the 1-71 and S.R. 562 interchange in a closed concrete double 
19 box culvert or in an open concrete channel as depicted in Figure 3-2. Duck Creek is an ungauged 
20 system with no measured base or peak flow and is contained in an open concrete conduit to about 
21 4,000 feet southeast of the 1-71 interchange. The EM Science facility is located above the 100-year 
22 flood plain for Duck Creek. Topographic grading and storm water sewer systems have been 
23 constructed in the vicinity of the Site by ODOT to contain Duck Creek during flood events. Further 
24 to the southeast, Duck Creek flows to its confluence with the Little Miami River located 
25 approximately 5 miles from the Site (Figure 3-2). Besides Duck Creek, there are no other major 

26 surface water drainage conduits or bodies located in the vicinity of the Site. 
27 

28 3.1.1.1 Soils 

29 

30 The soils in the region of the EM Science faCility have primarily developed from underlying glacial 
31 deposits. The surficial underlying material consists predominantly of glacial till clay or silt and clay 
32 lake deposits (commonly referred to as lacustrine deposits). The soil distribution has been modified 
33 in areas by the natural actions of precipitation and streams, and by cultural development. Soil 
34 mapping performed by the U.S. Department of Agriculture for Hamilton County was presented on 

'i Figure 2-23 in the RI/FS Work Plan and is summarized below: 
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In the vicinity of the Site, the majority of the natural soils have been disturbed by cultural activities and 

have either been replaced by cut and fill material or have developed recently in such material. The native 

(non-urban) soils nearest the Site are the Bonnell silt loam and the Eden flaggy silty clay loam. These two 

natural soils are upland sequences restricted to strongly sloped hillsides along valley walls. The disturbed 

and reworked soils near the Site are of the Genesee-Urban land complex, the Rossmoyne-Urban Land 

complex, and the Urban Land-Rossmoyne complex. The latter soil complex has been mapped at the Site. 

The Urban Land-Rossmoyne complex has a deep profile developed after artificial alteration of the original 

Rossmoyne soil. Drainage through this soil is moderate to slow. The soil's natural pH is between 4.5 and 

8.5. The soil typically has a color changing downward from dark gray-brown to brown to yellow-brown 

with mottling, indicating variable drainage. Permeability typically is between 0.06 and 2.0 inlhr (inches per 

hour) or 4.2 x JO·' to 1.4 x JO·' cmls (centimeters per second). 

The various classes of the Rossmoyne-Urban Land complex are distinguished by slope. The general 

description of the complex soils is that the Rossmoyne is the dominant type and is characteristically deep, 

with significant cultural modification. Drainage through the soil is moderate to slow. The pH is typically 

4.5 to 8.4. Color, mottling, and permeability are similar to the Urban Land-Rossmoyne complex. 

Soils of the Genesee-Urban Land complex lie in the former flood plain of Duck Creek. The soils have a 

deep profile and were commonly flooded seasonally for brief periods before the Duck Creek channel was 

engineered by ODOT. The usual color of the soil is brown. The soil generally has a moderate 

permeability of 0.6 to 2.0 inlhr or 4.2 x 104 to 1.4 x 10·3 cm/s. The pH is within the range of 6.1 to 8.4. 

24 3.1.2 Regional Hydrogeology 

25 

26 During the Pleistocene Epoch, continental glaciers advanced and retreated over the Cincinnati area at 

27 least four times. Three of the most recent events (named Kansan, Illinoisan, and Wisconsin glacial 

28 stages) profoundly effected the development of the regional hydrogeology of southwestern Ohio. The 

29 Norwood Trough was originally carved out of bedrock formed during Early Pleistocene time by a 

30 regional ancestral fluvial system. The valleys created by the ancestral fluvial system were 

31 subsequently filled with glacial outwash deposits (primarily sand and gravel) resulting in the 

32 development of large-scale regional aquifers capable of yielding sufficient quantities of water for 

33 municipal and industrial uses. One of these aquifers, the Norwood Trough Aquifer (NTA), lies 

34 within outwash deposits at the bottom of the Norwood Trough. The outwash materials. are covered 

35 by glacial overburden (loess, glacial till, glaciofluvial and glaciolacustrine deposits) which were 

36 deposited as glaciers advanced and receded during Middle to Late Pleistocene time. 

37 

38 The NTA is part of the regionally-distributed Great Miami Buried Valley Aquifer System (GMBVAS) 

39 that exists in southwestern Ohio. As depicted in Figure 3-1, the Norwood Trough buried valley lies 

40 between buried glacial valleys that underlie Mill Creek and the Little Miami River. The GMBV AS 

1 was designated as a Sole Source Aquifer by the U.S. EPA in July 1988 (Federal Register, July 8, 
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1 1988; Volume 53, Number 31). A summary of the formation of the Norwood Trough deposits is 

2 presented below. The information was primarily derived from U.S. Geological Survey (USGS) 

3 reports and other literature articles authored by Klaer and Thompson (1948), Durell (1961), Spieker 

4 (1968), and Teller and Goldthwait (1991). Results and conclusions from these and other literature 

5 sources were more extensively discussed in the January 10, 1995 Technical Memorandum No. 6 (Site 

6 Geological Model). A time chart illustrating the major events related to the geologic history of the 

7 Norwood Trough deposits is depicted in Figure 3-3. 

8 
9 During the Kansan glacial stage approximately 1.2 million years ago, a pre-existing fluvial drainage system 

10 known as the Deep Stage Drainage System (of which the Norwood Trough was a component) was incised 
11 into shale and limestone bedrock by retreating glaciers resulting in classic U-shaped glacial valleys. As the 
12 ice retreated duting the later stages of Kansan glaciation, the carved Deep Stage valleys were filled with 
13 outwash sand and gravel deposits. The Norwood Trough valley was one of the Deep Stage valleys that 
14 were filled. This system of valley fill created the Buried Valley Aquifer System shown in Figure 3-1. The 
15 aquifer valley fill deposits represent a general fining upward sequence typical of preserved· fluvial systems, 
16 related to the reduction in bed load after the valleys were filled. 
17 
18 As the Illinoisan stage of glaciation advanced south into the Cincinnati area approximately 400,000 years 

ago, it initially blocked northward flowing drainage creating a system of lenticular lakes within the Buried 
f) Valley Aquifer System including the Norwood Trough valley. These lakes and other erosional events 

L 1 associated with ice sheet movement resulted in the shifting of the ancestral Ohio River drainage to the 
22 south. The development of the lacustrine setting in the Norwood Trough valley allowed for the deposition 
23 of fmer grained sediments. These fmer grained deposits were generally well sorted and laterally extensive, 
24 covering fluvial outwash deposits present at the base of the Norwood Trough. Near the valley walls where 
25 small streams entered the Norwood Trough, small-scale glacial deltaic deposits of interfmgering coarser 
26 material may have also been present. The advancing Illinoisan ice-sheet eventually covered the Norwood 
27 Trough valley and Cincinnati area, resulting in sequences of clay-rich tills interbedded with outwash sand 
28 and/or gravel lenses, and glaciolacustrine deposits. 
29 
30 With the retreat of the Illinoisan ice sheet northward, the modem Mill Creek, Little Miami River, and Ohio 
31 River drainage systems were established. High energy drainage from the retreating glaciers likely resulted 
32 in the erosion of glacial valley fill deposits. 1n addition, the fill material was likely reworked with 
33 additional coarse outwash deposits derived from retreating glaciers. However, the Norwood Trough 
34 deposits were isolated from these events since no major drainage system was reestablished in the valley. 
35 The Wisconsin glacial stage terminated in the Mill Creek Valley approximately 2.5 miles north of the 
36 junction with the Norwood Trough, consequently, no Wisconsin age deposits are associated with the valley 
37 fill. 
38 

39 As a result of the above geological processes, outwash deposits (coarse sand and gravel that fines 

40 upward to sand and silt) up to 125 feet thick occur in the bottom two-thirds of the Norwood Trough; 

41 the upper one-third consists of 80 to 125 feet of glacial tills interbedded with glaciofluvial (stream and 

42 river processes) and glaciolacustrine (lake processes) deposits, A large volume of ground water exists 

l in the basal saturated portion of the outwash deposits which have been utilized since the early 1900s 
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1 as a ground water resource (i.e. the NTA). Well yields from the NTA are typically between 75 and 

2 200 gpm (Walker, 1986). No other regional aquifer exists below (shale and limestone bedrock) or 

3 above (glacial till, lacustrine, and fluvial deposits) the confmed NTA. The interbedded shale and 

4 limestone bedrock underlying the NT A consist of gray, calcareous, fissile shale sequences up to 3 feet 

5 thick and gray, argillaceous and fossiliferous limestone beds between 0.5 and 2 feet thick. The shale 

6 deposits comprise 60 to 80% of the interbedded sequence. Well yields from the interbedded shale 

7 and limestone area are typically less than 3 gpm (Walker, 1986). 

8 

9 Recharge of the NT A is by four principal sources: recharge from the connecting Little Miami River 

10 and/ or Mill Creek buried valleys, recharge from bedrock, recharge by stream infiltration, and 

11 precipitation recharge. The amount of recharge contributed from these sources is unknown, however, 

12 glacial till and lacustrine silt and clay deposits overlying the NTA probably limit recharge by 

13 downward infiltration from streams and precipitation. In 1890, prior to heavy pumping of the Buried 

14 Aquifer System by municipalities and industry, recharge to the NTA occurred by ground water flow 

15 to the east from the Mill Creek Valley buried aquifer (Fidler, 1970). In 1940, however, heavy 

pumpage from wells in the Mill Creek Valley near Ivorydale precluded recharge to the NTA from the 

17 west resulting in recharge to the aquifer from the Little Miami River Valley buried aquifer at the east 

18 end of the Norwood Trough. The current direction of ground water flow through the NTA carmot be 

19 assessed because the USGS does not maintain observation wells in the NT A or the Little Miami River 

20 buried valley aquifer. 

21 

22 Thirty-seven municipal or industrial wells penetrated the NTA before 1947 (Klaer and Thompson, 

23 1948). Currently, no active municipal, residential or industrial drinking water wells within the NTA 

24 are known to exist. Two wells were reported in earlier Site investigation reports to use the NTA for 

25 drinking water purposes; however, the U.S. Playing Card Company (located approximately 2,600 feet 

26 southwest of the Site) no longer utilizes the NTA for drinking water and the City of Norwood 

27 municipal well (located approximately 3,600 feet southwest of the Site) has been taken out of service. 

28 There are currently five active wells utilizing water from the NT A for industrial processing and/or 

29 cooling water. The location of the Site with respect to these wells is shown on Fignre 3-4. The 

30 current average pumping rates associated with these wells are unknown. 

31 

32 The static water elevation in the NTA declined approximately 80 feet between 1907 and 1940 due to 

33 intensive pumping by municipal and industrial entities (Klaer and Thompson, 1948). At the end of 

34 this time period, the static water elevation in the vicinity of the Site was approximately 455 feet MSL. 

5 On March 31, 1994, a geologist from The Payne Firm recorded the static water elevation in the out 

36 of service City of Norwood municipal well at approximately 463.50 feet MSL indicating a rebound of 
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1 approximately 8.5 feet in the static water elevation since the 1940s. As presented in Section 2.5, the 

2 saturated deposits of the NTA were encountered at approximately 175 feet below the surface 

3 (434 feet MSL) at Lower Till Borings LT106 and LT338. The static water elevation in LT338 (a 

4 cased boring drilled by rotosonic) was measured at approximately 464.66 feet MSL which coincides 

5 with the data collected from the City of Norwood welL This indicates that the static water elevation 

6 in the NTA is approximately 146 feet below the EM Science facility (the mean surface elevation at 

7 the EM Science facility is about 610 feet MSL). According to Klaer and Thompson (1948), the 

8 deposits of the NT A extend to an elevation of approximately 385 feet MSL (or 225 feet beneath the 

9 property) indicating that the NTA has a saturated thickness of about 49 feet beneath the Site. As 

10 discussed below, approximately 75 to 85 feet of unsaturated silt and sand lie between the top of the 

11 NT A and the bottom of the Lower Till Unit beneath the Site. 

12 

13 As indicated above, approximately 80 to 125 feet of glacial overburden exists above the glacial 

14 outwash deposits that exist in the bottom two-thirds of the Norwood Trough (Klaer and Thompson, 

15 1948). The glacial overburden beneath the EM Science facility is approximately 90 to 100 feet thick 

' and consists of interbedded: glacial tills (dense silty clay), glaciolacustrine silt deposits, and 

·7 glaciofluvial silt, sand, and gravel deposits. Each glacial advance and retreat over in the area of the 

18 Norwood Trough eroded existing surfaces and deposited glacial tilL Lacustrine strata exhibiting 

19 horizontal laminations of fine grained sediments (clay, silt, and fme sand) were also deposited in 

20 widespread lakes that existed in close proximity to glaciation. In addition, sand and gravel derived 

21 from fluvial processes were erratically deposited as lenses or channels within till or lacustrine strata. 

22 These more permeable deposits contain zones of perched ground water beneath the Site. The Jess 

23 permeable glacial till and lacustrine deposits also store perched ground water but typically transmit it 

24 at very slow rates. 

25 

26 The depth to perched ground water underlying the region ranges from 5 to 60 feet below grade. 

27 Water levels in perched ground water systems typically fluctuate seasonally, with the highest water 

28 levels in the area occurring during early Spring and the lowest during late FalL In the vicinity of the 

29 Site, perched ground water flow directions and rates are typically influenced by surficial and 

30 underground man-made structures which affect infiltration rates and flow patterns (e.g. sewers, 

31 surface impoundments, subsurface building structures, non-native fill material buried in drainage 

32 ravines, and pavement). These structures can dam, drain, and redirect perched ground water flow, 

33 and restrict the infiltration of water. No residential, municipal, or industrial production or drinking 

34 water wells are screened in perched ground water within the Norwood Trough primarily because of 

5 the inability to pump sustainable yields of water from the glacial overburden. No region wide 

6 investigations have been conducted in the Norwood Trough area to determine ground water flow 
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1 directions in more prolific perched ground water systems. The regional occurrence and movement of 

2 perched ground water would be difficult to assess because: 1) many perched zones may not be 

3 interconnected across the Norwood Trough; 2) the deposits comprising the glacial overburden vary 

4 considerably in the ability to transport or confme water; and, 3) man-made features have considerably 

5 altered natural flow paths. 

6 
7 3.1.3 Meteorology 

8 

9 The majority of the local meteorological data collected during the RI were obtained from the National 

10 Weather Service Office (NWSO) at the Greater Cincinnati/Northern Kentucky International Airport 

11 located near Cincinnati, Ohio. Additional sources of data were obtained from the weather station at 

12 WKRC-TV in Cincinnati (located approximately 2 miles southwest of the Site), and the on-property 

13 meteorological system installed at EM Science. The EM Science meteorological system collects Site-

14 specific data for wind speed and direction, temperature, and rainfall. Table 3-1 sununarizes the 

15 meteorological data collected from the NWSO for the period July 1993 to October 1995. 

The regional climate in the vicinity of the Site is defmed as moist continental (Strahler, 1987). This 

18 climatic type affects the mid-eastern United States which is located within the polar front zone where 

19 polar and tropical air masses generally meet. Seasonal contrasts are typical and daily weather is 

20 usually variable within a moist continental climate (Strahler, 1987). Precipitation occurs throughout 

21 the year and is usually increased in the Sununer months due to invading air masses from the south. 

22 Hot summers and mild to cold winters are characteristic within this type of climate. 

23 

24 Figure 3-5 shows the wind speed and wind direction in the vicinity of the Site on a Wind Rose 

25 Diagram. Prevailing winds during the RI were generally from the west southwest. The average wind 

26 speed was approximately 8.3 miles per hour (mph). Several topographic and man-made structures 

27 exist around the vicinity of the property that may affect air flow. These features include the steep 

28 slopes of fill material at mouth of the former West Ravine, the slope that exists south of the property 

29 along S.R. 562, and the numerous buildings which exist on and adjacent to the property. 

30 

31 The average monthly precipitation for the Greater Cincinnati area during the RI was 3.4 inches and 

32 ranged from 0.55 inches in September 1994 to 8.57 inches in May 1995 (Table 3-1). The highest 

33 amounts of precipitation occurred during the Spring and early Sununer. For comparison, a histogram 

34 sununarizing monthly precipitation recorded from the EM Science on-property meteorological station 

> and from the NWSO is shown in Appendix F-2. Both sets of precipitation data were obtained to 

36 compare on-Site conditions to the conditions at the NWSO. The maximum monthly snowfall of 16.4 
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3 Table 3-1 presents the monthly temperature averages and extremes for the duration of the Rl. The 

4 table indicates that the average temperature was sightly above normal. Extreme high and low average 

5 monthly temperatures occurred during August 1995 (79.5" F) and January 1994 (23.3' F), 

6 respectively. Average monthly relative humidity, evaporation data, and dew points are also presented 

7 on Table 3-1. The relative humidity of an air mass represents the ratio of the air's water vapor 

8 content to its water vapor capacity; the dew point represents the temperature to which air has to be 

9 cooled in order to reach saturation. The average relative humidity and dew point for the duration of 

10 the RI was 53.6% and 50' F, respectively. As indicated on the table, the average barometric pressure 

11 for the duration of the RI was 30.0 inches of mercury and the average monthly evaporation was 0.09 

12 inches. 

13 

14 3.2 Topography and Surface Water 

15 

1 The highest elevation at the Site is approximately 614 feet MSL located at the northwest corner of the 

7 property (Sheet 1-1). From there, the topography slopes gently to the southeast from 614 feet to 

18 approximately 606 feet MSL along the southern property boundary and immediately east of 

19 Buildings 14 and 19. South of the property, the topography grades steeply down the S.R. 562 

20 engineered cut slope, and the slope of the West Ravine mouth, from 606 feet to approximately 

21 580 feet MSL. East of Building 19, the topography is defmed by the construction of the vaulted New 

22 Tank Farm and the pH/Neutralization Building which provide an engineered downward step to the 

23 lower employee parking lot situated at approximately 596 feet MSL. East of Building 14, the 

24 topography grades from 608 feet MSL to the southeastern property boundary situated at 

25 600 feet MSL. 

26 

27 The most significant topographic feature on the Site is the mouth of the former West Ravine which 

28 consists of steeply sloping fill material on the north, east and west sides (Sheet 1-1). The West 

29 Ravine has been filled to grade except at the southern perimeter of the Site. As depicted on Sheet 1-

30 1, the north and west sides of the mouth are steeper than the east side. The mouth is approximately 

31 150 feet wide west to east, and 110 feet wide north to south and is vegetated with brush and trees. 

32 The Outfall exists near the bottom of the mouth at an elevation of approximately 578 feet MSL. 

33 Seep-562 is situated at an elevation of approximately 582 feet MSL on a knob of fill and original soil 

34 that extends into the western side of the mouth. 

'5 

5 
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I South of the mouth of the former West Ravine, the topography gently slopes from west to east along 

2 S.R. 562. As an example, the topography slopes from 580 feet MSL at MW501A to 570 feet MSL at 

3 MW507 located approximately 550 feet to the east (Sheet 1-1). Other off-property topographic 

4 features include the following: 1) monitoring well MW508 located south of S.R. 562 is situated at 

5 the top of engineered fill at an elevation of 588 feet MSL (the embankment of engineered fill was 

6 developed during the construction of the railroad bridge and 1-71 over S.R. 562); 2) monitoring wells 

7 MW506, MW20A, and MW20B are located at the base of a steep slope at an elevation of 

8 approximately 567 feet MSL; 3) northwest of MW506, the steep slope is heavily vegetated and rises 

9 to the Norfolk Southern railway embankment situated at an elevation of approximately 606 feet MSL. 

10 East of MW506 the topography is flat and is defmed by the lower parking lot for Duramed, Inc. 

11 

12 Vehicle and pedestrian access to the EM Science property is restricted by the steeply sloping 

13 topography to the south and east of the facility (along with the presence of the mouth of the West 

14 Ravine, S.R. 562, and the Norfolk Southern railway) and Shepherd Chemical west of the facility. 

15 Highland Avenue provides access to the northern portion of the facility; however, the EM Science 

property fencing restricts plant access to two entrances only: a guard station located on the 

17 northwestern side of the plant; and, the entrance to the main office building (Building 13). In 

18 addition, the Rl/FS fencing interim action performed in January 1995 completely restricts access to 

19 the mouth of the West Ravine and Seep-562. 

20 

21 Surface Water 

22 

23 There are no significant intermittent or permanent surface water bodies, such as ponds, surface 

24 impoundments, run-off ditches, dikes, or streams, located on the Site. Contaminated surface water at 

25 the facility is restricted to a 40 feet long concrete conduit that extends from the end of the Outfall 

26 pipe to Sump-562 as shown on Sheet 1-1. Discharge from the Outfall pipe is directed to Sump-562 

27 via the concrete conduit. Non-contaminated surface water run-off on the property is controlled by a 

28 storm water management system as discussed below. Off of the Site, the nearest surface water body 

29 is Duck Creek, a small continuous stream located in an engineered concrete conduit located 

30 approximately 600 feet southeast of the facility. Besides Duck Creek, no other significant surface 

31 water bodies are located in the vicinity of the Site. 

32 

33 As discussed in the preceding section, the former West and East Ravines were formed by the erosion 

34 of surficial Norwood Trough deposits. Before the filling of the ravines, intermittent streams were 

5 present at the bottom of the ravines which directed run-off to Duck Creek. As development in the 

36 vicinity of the facility intensified between 1930 and 1970, several storm water run-off controls were 
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1 constructed on and off property by owners of the facility, municipalities, and ODOT to control 

2 drainage. The important surface water controls that were constructed with respect to the Site include 

3 the following: 
4 
5 As discussed in Chapter I, a clay tile pipe was placed in the bottom of the former West Ravine as the 
6 filling of the ravine took place between the 1950s and the 1970s. The end of this pipe is at the mouth of 
7 the West Ravine and is referred to as the Outfall. During the RI, discharge at the Outfall was observed and 
8 measured during quatterly ground water sampling events to qualitatively document discharge rates, as 
9 discussed in Section 4.2 (Storm Water Management, p. 30-31) of the December 16, 1994 Interim Action 

10 Efficacy Report (Efficacy Report). Based on these observations, the base flow from the Outfall is typically 
11 0.5 gallons per minute (gpm). During storm events, the flow increases fairly rapidly to between 
12 5 and I 0 gpm depending on the intensity of the storm. The period of time before base flow is re-
13 established after the subsidence of the storm event is generally less than 24-hours. A concrete ditch and 
14 Sump-562 were constructed by EM Science in 1983 to capture drainage from the Outfall, surface water run-
15 off during storm events, and seepage from the fill of the West Ravine. Sump-562 was designed and 
16 updated to control a 10-year, 24-hour storm event. Water collected at Sump-562 is pumped to an on-
17 property process sewer which flows to the pH/Neutralization System. A detailed description of the design 
18 and operation of Sump-562 was presented in Section 2.1 (Surface Water Sump at the Mouth of the West 
19 Ravine) of the Efficacy Report. 
"I) 

2 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

The concrete ditch connecring the Outfall with Sump-562 is approximately 35 feet long, 4 feet wide, and 
between 0.5 and I foot deep. A second concrete ditch was constructed by EM Science west of Surnp-562 
to intercept ground water seepage along the face of the S.R. 562 engineered slope and direct it to 
Sump-562. During the Rl, seepage was restricted to Seep-562 located approximately 15 feet west of 
Sump-562 (Sheet 1-1); the seepage rate could not be measured due to extremely low flow conditions. 

As discussed in Section 1.3.1 (Development and Grading), discharge from the Outfall flowed to a 36-inch 
concrete culvert situated beneath the railroad embankment prior to the construction of Sump-562 in the late 
1960s (Sheet 1-1). After the construction of S.R. 562 in the late 1960s, and before the construction of 
Sump-562 in 1983, discharge flowed to the existing 27-inch storm sewer which extends southward from the 
mouth of the West Ravine and then turns to the east between Ramps J and K of S.R. 562. 

Sintilar to the West Ravine drainage pipe, the 84-inch storm sewer at the bottom of the East Ravine was 
constructed in phases (primarily during the development of the Norfolk Southern Railroad embankment in 
the 1930s and the filling of the ravine in the 1960s and 1970s as discussed in Section 1.3.1). As shown on 
Sheet 1-1, the 84-inch storm sewer enters the property from the north and then extends southeastward to 
Duck Creek. The storm sewer is the main drainage conduit for storm water in the vicinity of the property. 
As discussed in Section 2.6, two ground water seeps in the 84-inch storm sewer (locations Sewer A and 
Sewer Con Sheet 1-1) were sampled during the Rl. Sewer A was sampled as a background location and 
Sewer C was sampled to determine if contaminants were migrating into the sewer through the seep. 
Ground water seepage rates at location Sewer A were measured duriD.g the RI to be between 0.5 and 1 
gpm; and, between 0.007 and 0.08 gpm (or 0.026 to 0.33 liters per minute) at Sewer C. During the 
sampling events, a surface water flow was always present in the 84-inch sewer. 

On-property storm water is controlled by an engineered system that directs run-off to the 84-inch storm 
sewer or to other off-property municipal storm sewers (Figure 3-6 and Table 3-2). In 1987, EM Science 
initiated the storm water management program to collect on-property storm water. The program was 
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instituted under the jurisdiction of the City of Cincinnati storm water district and developed in coordination 

with the Industrial Wastewater Group of the Ohio EPA. The purpose of the program was to mitigate 
overflows to Sump-562 and to minimize storm water ruu-off infiltration and contact with contaminated 
materials at source areas, in particular the fill of the West Ravine. The storm water management program 

was implemented in four design and construction phases between 1987 and 1988, as discussed in Section 
2.2 (Storm Water Management Program) of the Efficacy Report (p. 6 to 10). The management program 

primarily consisted of: 1) routing storm water from building roofs and pavement areas into a system of 
on-property new storm water sewers and catch basins: 2) redirecting storm water from the south-central 
portion of the facility to bypass Sump-562 and discharge directly into the S.R. 562 27-inch storm sewer; 

3) repairing on-property pavement that was is in poor condition, and paving previously unpaved areas; and, 

4) the completion of revised National Pollutant Discharge Elimination System (NPDES) permit applications 
for applicable storm water system modifications and/or new discharge points. 

The 84-inch storm sewer discharges into Duck Creek approximately 600 feet southeast of the facility as 
shown on Sheet 1-1. In addition, the 27-inch storm sewer beneath S.R. 562 connects to the 84-inch sewer 

approximately 360 feet southeast of the EM Science property. At the location where the 84-inch storm 
sewer discharges into Duck Creek, a concrete box containing twin 12 feet by 12 feet tubes has been 
constructed by ODOT to direct Duck Creek's channel beneath the l-71/S.R. 562 interchange. The concrete 

box extends approximately 1,300 feet to the southwest (upgradient) where Duck Creek is a naturally 
occurring channel (Figure 3-2). To the east, the concrete box extends approximately 830 feet at which 
point Duck Creek is contained within an open concrete channeL The open concrete channel extends another 

3,000 feet to the southeast. This engineering of the Duck Creek channel, and related tributary channels into 

Duck Creek (i.e. the 27-inch and 84-inch storm sewers), contains all storm water ruu-off in the vicinity of 
the Site (except discharge from the Outfall and ruu-off at the mouth of the West Ravine which is contained 

by Sump-562), minimizes the potential for flooding, and has restricted access to the creek by the public. 

27 3.3 Development of the Site Geological Model 

28 

29 The preliminary Site Geological Model (SGM) presented in Section 3.1.2.0 of the RifFS Work Plan 

30 was based on geological information compiled during previous Site investigations. However, the 

31 previous data: 1) were primarily collected from shallower geologic deposits (0 to 60 feet below the 

32 surface); 2) were collected with 2-ft. split-tube samplers which resulted in less defmitive geological 

33 descriptions at boring locations drilled into saturated geological environments under strong confining 

34 pressure (i.e. hollow-stem auger borings drilled into saturated silt to fine-grained sand glaciofluvial 

35 and glaciolacustrine deposits beneath the central and eastern portions of the facility which expanded 

36 upward into the augers under the confining pressure; commonly referred to as "heaving sands"); 

37 3) did not contain information on the Site wide geological characteristics of deeper deposits beneath 

38 the Site; and, 4) only contained a limited amount of geotechnical iflformation. 

39 

40 The Phase II and Phase IV drilling program added extensively to the existing geological and 

41 geotechnical data bases, especially in the central and southern portions of the Site. For example, 

2 Vertical Extent borings drilled by rotosonic were advanced to depths between 85 and 187 feet below 
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1 the surface so that the extent and characteristics of geological deposits beneath the Site could be 

2 adequately investigated. The rotosonic drilling technology allowed the collection of 10-feet long, 

3 4-inch diameter continuous cores and mitigated the possibility of heaving sands (resulting in more 

4 definitive lithological descriptions). 1n addition, 185 samples for geotechnical engineering properties 

5 and total organic carbon (TOC) analyses were collected from the Phase II and Phase IV soil borings. 

6 

7 Based on the physical data collected during the RI, a Site Geological Model (SGM) was developed 

8 which refines earlier definitions of the substrata including the preliminary Site geological model 

9 presented in the RIIFS Work Plan. The SGM provides: 1) a thorough description of the physical 

10 parameters needed to characterize the nature and extent of soil and ground water contamination 

11 addressed in Chapter 4 of this Report; 2) an identification of the potential contaminant migration 

12 pathways that need to be assessed from a human health risk perspective; and, 3) the geologic and 

13 hydrogeologic data needed to support the evaluation of remedial alternatives during the FS. 

14 

15 3.3.1 Graphical Methods Used to Construct the Site Geological Model 

1 The SGM was developed by graphing and statistically analyzing the geotechnical data base, 

18 constructing geological cross sections and potentiometric contour maps, and using a 3-D visual 

19 computer application to assess and present the Site-wide stratigraphic characteristics of the SGM. The 

20 computer application was used because of its ability to quickly construct representative 3-D geological 

21 models of the Site from the extensive amount of stratigraphic data, and to present the results in color 

22 graphics (along with standard point to point cross sections). This allowed for a better definition of 

23 the horizontal and vertical characteristics of each geological unit within the SGM. The geotechnical 

24 data was then used to support the lithological descriptions of each unit, and to evaluate the spatial 

25 vll!"iation of the geological properties beneath the Site. These tasks have provided a representative 

26 geologic framework to assess the nature and extent of contamination, and to identify potential soil and 

27 ground water contaminant migration pathways beneath the. Site. The graphical methods that were 

28 used to construct and present the SGM consisted of the following tasks: 
29 
30 As discussed in Chapter 2, several borings were drilled during the RI to defme the stratigraphic, 
31 geotechnical, and contaminant characteristics of the Site. Graphic logs of each boring were prepared from 
32 field geological logs as presented in Appendix A. As depicted on the boring logs, all borings drilled during 
33 the RI were continuously sampled for lithological description. 
34 
35 Before the 3-D computer application was utilized, 11 large-scale detailed geological cross sections (Vertical 

36 Scale 1 inch = 10 feet; Horizontal Scale 1 inch = 30 feet) were constructed by hand utilizing selected 
"-7 boring logs generated during the Rl. The cross sections were orientated nortb-to-south and west-to-east 

across the Site. The cross sections were constructed to furtber assess the geology beneath the Site, to 
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modify the definitions of previously identified geological units (if necessary), and to define additional 
geological units not identified during previous Site investigations (smaller scale, less detailed, hand drawn 
cross sections derived from 9 of the 11 large-scale sections are shown in Appendix G). 

As previously described in Section 2.2 (Technical Approach), all soil borings dtilled during the RI were 
identified by a particular boring identification number (e.g. VE510 or VZ328) and by X,Y coordinates tied 
into the Site land survey grid. For the 3-D computer application, Z-coordinates (i.e. elevations of the 
contacts between geologic units) were derived by drawing lines on each boring log at the stratigraphic 
contacts between each geologic unit. The contact between each geologic unit was interpreted from the 
lithological descriptions associated with each boring log. To further define the spatial characteristics of 

·each geologic unit, this exercise was also performed on 30 soil and monitoring well boring logs completed 
during previous Site investigations (the previous boring logs were presented in Appendix VI of the RIIFS 
Work Plan). The Z-coordinates obtained from these 30 borings were used to fill gaps between data 
generated during the RI. The 30 boring logs that were used are presented on Table 3-3 and Sheet 1-1. The 
geological logs for these borings are presented with the RI boring logs in Appendix A. 

The identification of the contacts between geologic units was benefited by the presence of three distinct 
layers of lacustrine strata, and the ubiquitous presence of the Lower Till Unit. The three layers of 
lacustrine strata were present at similar elevations in all deep borings drilled on the Site which provided for 
good stratigraphic control during the identification process. The lacustrine deposits beneath the Site consist 
of thin horizontal bands (less than 5 millimeters thick) of clay and silt. This depositional feature allowed 
for the easy identification and logging of lacustrine strata in the field. 

The X, Y and Z coordinates at each boring location were then formatted on a spreadsheet and integrated 
into the 3-D computer application. The borings used to obtain the Z-coordinates along with interpreted 
elevations of the contacts between each geological unit are shown on Table 3-3. Since all borings 
presented on Table 3-3 were continuously sampled for lithological description, the Z-elevations are 
considered to be very indicative of the stratigraphic contacts between each unit. After the X, Y, and Z 
coordinates were input into the system, the 3-D computer application interpolated between the data points · 
and generated a visual representation of the SGM. Preliminary results were compared to the original hand 
drawn cross sections for consistency and to identify any possible data input errors. Once the 3-D model 
was completed, visual graphics showing multiple views of the SGM were generated to further refine the 
defmition of each geologic unit. The graphics are shown in Appendix G-1 through G-9. 

3.3.2 Presentation of Geological and Geotechnical Data 

A number of tables, geotechnical data plots, geological cross sections, and boring logs presenting the 

39 geological and geotechnical data have been prepared to support the characterization of the SGM. The 

40 tables are attached to this report; data plots and cross sections are presented in Appendix H. Boring 

41 logs prepared during previous Site investigations and this RI are presented in Appendix A. A brief 

42 overview of the methods used to present the data is summarized below. 

43 

· 4 Geotechnical Data Tables 

,5 
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The geotechnical data tables consist of a summary of the laboratory results (Table 3-5), a summary of the grain 
size distribution results (Table 3-6), and a statistical summary of the geotechnical results (Table 3-7). 
Laboratory generated grain size distribution curves used to develop Table 3-6 are presented in Appendix H. 
Data presented in geotechnical summary Tables 3-5 through 3-7 were used to construct the data plots. 
Probability plots and data distribution plots were constructed to assess the physical properties of each geologic 
unit, especially those parameters related to porosity. In some instances: I) data was plotted in a cross section 
format so that variations across the Site could be identified; and, 2) data collected from the Lower Clay Unit 
were divided into central and southern plots to demonstrate the difference in the physical properties between 
these two regions of the Site. The following data plots were constructed as shown in Appendix H. 

H-1 Comparison of Mean Grain Size Between Geologic Units 
H-2 Comparison of Mean Grain Size Between the Lacustrine and Lower Clay Units (Central versus 

Southern Portions of the Site) 
H-3 Probability Plots of Grain Size Distributions 
H-4 Grain Size Gradations Beneath the Site (by transect) 
H-5 Comparison of Mean Vertical Hydraulic Conductivities Between Geologic Units 
H-6 Vertical Hydraulic Conductivities in the Geologic Units Beneath the Site 
H-7 Changes in Vertical Hydraulic Conductivity Beneath the Site (by transect) 
H-8 Comparison of Mean Total Organic Carbon Content Between Geologic Units 
H-9 Porosity versus Vertical Hydraulic Conductivity 
H -10 Satnration versus Porosity 
H-11 Horizontal Hydraulic Conductivities Measured from Slug Test Data 

Geological Cross Sections 

Two sets of geological cross sections were also constrncted to show the stratigraphic characteristics of the SGM. 
The cross sections are presented in Appendix G. The first set of cross sections (west to east cross sections A 
through F; and, north to south cross sections W through Z) are manually drawn and show the horizontal 
extensiveness of the more permeable units and zones within the SGM (e.g. Upper Sand Unit and Lower Sand 
Zone), and where some of the more important monitoring wells are screened at within the SGM. The second 
set of colored cross sections (Appendix G-1 through G-9) were generated by the 3-D computer application and 
show views of the SGM and surface plots of the Upper Sand Unit and the Lower Sand Zone. In addition to the 
cross sections, the depiction of the geologic units in which all on-Site monitoring wells are screened in can be 
viewed on Sheet 3-1 and Table 2-13. 

Disrurbed and Undistnrbed S!!I11J)les 

As shown on Table 3-5, geotechnical samples submitted for analyses were designated as distnrbed or 
undisrurbed by the project geotechnical laboratory. Disturbed samples were samples that needed to be 
recompacted following ASTM guidelines before they were tested due to the loss of cohesiveness during 
sampling (for example, non-cohesive coarse grained sediments collected into 500-ml glass jars, or non-cohesive 
samples collected with a split-tube sampler). Laboratory results obtained from disturbed samples are considered 
to be semi-quantitative and not entirely representative of in-situ conditions. A total of 49 disrurbed samples 
were collected during the Rl. The majority of these samples (63%) were collected from coarser grained units 
or from discrete sand seams. 

Undisturbed geotechnical samples were samples that did not have to be recompacted before testing. Samples 
collected with a Shelby Tube or from rotosonic geological cores were considered undistnrbed samples by the 
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laboratory. Results from undisturbed samples are quantitative and representative of natural geologic conditions. 
In some instances, a Shelby Tube could not be driven into the denser Upper Till or Lower Till Units at hollow
stem auger boring locations, so a cohesive core sample was collected from a 2-inch or 3-inch diameter split-tube 
sampler and sent to the laboratory for analyses. Depending on the visual characteristics, cohesiveness, and 
integrity of the core, the laboratory designated the sample as either disturbed or undisturbed. A total of 136 
undisturbed samples were collected during the Rl. The majority of the undisturbed samples (97%) were 
collected from fmer grained units within the SGM. 

Specific Geotechnical Properties 

Hydraulic conductivity is defmed as the rate at which a fluid moves through a permeable medium. In 
conjunction with hydraulic conductivity, intrinsic permeability is defmed as the relative ease that a porous 
medium can transmit fluid under a hydraulic gradient. For hydraulic conductivity, the density and kinematic 
viscosity of the fluid must be considered in determining hydraulic conductivity. Intrinsic permeability (or 
simply permeability) is a property of the porous medium and is independent of the nature of the fluid. During 
the Rl, no free phase non-aqueous fluids were encountered so references to hydraulic conductivity are associated 
with the transmission of water. Hydraulic conductivity values were used to identify which geological units are 
better suited to transport ground water and to identify potential contantinant migration routes. In general, the 
greater the distribution of clay and silt size grains, the larger the surface area for water contact. This increases 
frictional resistance to flow, which reduces permeability. In contrast, as the median grain size increases, so 
does permeability due to large pore openings. Permeability will decrease for a given median grain size diameter 
as the standard deviation of the patticle size increases. The increase in standard.deviation indicates a more 
poorly sorted sample resulting in the finer material filling the voids between larger size grains. 

For finer grained undisturbed samples, vertical hydraulic conductivity values were determined by taking a 
geotechnical sample and measuring the aetna! rate of flow through the material and are considered representative 
of aetna! vertical hydraulic conductivity values. For coarser grained disturbed samples (or recompacted 
samples), the reported vertical hydraulic conductivity values are considered representative of an upper lintit to 
the aetna! in-sitn value, since original compaction was disturbed during sampling collection. As reviewed in 
Section 2.6, in-sitn horizontal hydraulic conductivities were determined by field slug tests for coarser grained 
sand seams and zones in the Upper Till Unit, Upper Sand Unit, Lacustrine Unit, and Lower Clay Unit. 

Porosity is defmed as the total percent of void space compared to the total volume of the sample. The percent 
porosity thus reflects the volume within unconsolidated material which may retain or transmit a fluid. Effective 
porosity is defined as the interconnected pore volume and is considered the porosity available for fluid flow. 
For coarse grained sand units within the SGM (Upper Sand Unit and Lower Sand Zone) the effective porosity is 
considered to be the same as the total porosity. For fmer grained clay and silt units (Upper Till, Lacustrine, 
Lower Clay, and Lower Till), the effective porosity also reflects the hygroscopic forces retaining water around 
individual grains and can be significantly less than true porosity. True effective porosity is difficult to 
determine due to the multiple factors influencing its determination such as: clay and organic content, grain size, 
pore size, and degree of sorting. According to Bonazountas and Wagner (1984), clays typically have an 
effective porosity of 0.20 to 0.22, and silt 0.25 to 0.27. 

Two important properties related to porosity are moisture content and percent saturation. Moisture content 
reflects the volume of water in the sample compared to the total volume of the sample, thus reflecting the 
saturation level of the sample. Percent saturation is defmed as the percent of water present in the void space 
and is determined by using the ratio of moisture content to porosity. 
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3 According to Task 5.2A (a) of Ohio EPA's SOW, soil pH and the attenuation capacity of the geological deposits 
4 within the SGM needed to be evaluated. Soil pH was tested by the geotechnical laboratory on all submitted soil 
5 samples; the results are shown on Table 3-5. The pH of the soil samples ranged between 6.9 to 8.8, however, 
6 most of the readings were between 7.8 and 8.2. No pH readings indicative of extreme acidic (less than 2) or 
7 basic conditions (greater than 12) were detected by the laboratory. 
8 
9 The overall attenuation capacity was evaluated by analyzing total organic carbon (TOC) content. Whenever a 

10 geotechnical sample was collected in the field, an additional soil sample was collected from the same sampling 
11 interval and submitted to the project chemical laboratory for TOC analysis. The purpose of the TOC analysis 
12 was to evaluate the sorption potential of the geological deposits beneath the Site (excluding the fill of the former 
13 West and East Ravines). Sorption is the pbysical-chemical process by which naturally occurring organic carbon 
14 ties up a solute so that it is not released or very slowly released in the subsurface (Nye, 1995). ln geological 
15 deposits where naturally occurring organic carbon content is present, the sorption of solutes onto carbon 
16 particles is a corntnon occurrence. The organic matter can occur as discrete solids, as films on individual soil 
17 grains, or as stringers of organic materials in grains (Knox eta!., 1993). Besides organic carbon, a solute may 
18 also become attached to the surfaces of individual grains. The partitioning of a solute is almost exclusively onto 
19 the organic carbon fraction rather than grain surfaces if TOC constitutes at least 1 % of the soil on a weight 
20 basis (Karickboff eta!;, 1979). Consequently, as the TOC content of subsurface material increases, the total 

capacity of the soil to sorb a solute increases . 

.• 3 The mean TOC concentrations for each of the geological units within the SGM are presented in Table 3-7. 
24 Table 3-5 shows the concentrations detected for each soil sample. The variation in mean TOC concentrations 
25 are shown graphically on Appendix H-8. As depicted on these tables and graphs, the Lacustrine Unit, Lower 
26 Clay Unit, Lower Till Unit, and the Upper Non-Saturated Zone of the Norwood Trough Sand and Gravel Unit 
27 contain the highest concentrations of TOC within the SGM. The mean TOC concentrations in these units 
28 ranged between 4,045 and 6,200 mg/kg. Except for the Upper Non-Saturated Zone, the units identified above 
29 are predominantly silt and clay-rich. Higher TOC concentrations are typically associated with finer-grained 
30 deposits because of the lower energy depositional environments usually associated with these types of deposits. 
31 This is very apparent for the Lacustrine Unit deposits where TOC concentrations typically ranged from 5,000 to 
32 9,000 mg/kg. The sediments associated with the Lacustrine Unit were deposited by a low energy lake 
33 environment where sources of fme-grain materials including organic detritus were readily available for 
34 deposition. ln contrast, the Upper Sand Unit was deposited in a higher energy fluvial-type environment 
35 resulting in the winnowing out of fmer grain size fractions and organic material. This resulted in a much lower 
36 mean TOC concentration (944 mg/kg) for this unit (Table 3-7). Although the Upper Non-Saturated Zone is 
37 comprised primarily of coarser grained sediments, some silt and clay-rich layers interpreted to be paleosols (i.e. 
38 buried soil horizons) were observed in cores collected from this wne. The occurrence of interbedded paleosols 
39 may have contributed to the elevated mean TOC concentration (4,833 mg/kg) detected in this zone. 
40 
41 Based on the mean TOC results, it is not likely that solutes beneath the Site will exclusively sorb onto naturally 
42 occurring organic carbon in the soil. In terms of weight, TOC constitutes approximately 0.6% of the deposits 
4 3 associated with the Lacustrine Unit, and approximately 0.3 to 0.4% for the remaining units in the SGM. Due 
44 to the silt and clay-rich nature of the deposits beneath the Site, another abiotic process which could influence the 
45 movement of solutes is ion exchange (adsorption of a solute onto a surface due to the electrostatic attraction 
46 between a soil particle and the solute). ln the subsurface, the grain size fraction most commonly involved in ion 

exchange is the clay fraction (Knox et a!., 1993). However, in order to fully evaluate this process, it is 
~ important to have a fundamental understanding of the clay mineralogy and the sources of charge deficiencies in 
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1 clay minerals. This would require extensive laboratory analyses by X-ray diffraction or scanning electron 
2 microscope which are beyond the scope of this RI. 
3 
4 The TOC values presented on Table 3-5 are subsequently used in Chapter 5 (Contaminant Fate and Transport) 

5 to calculate distribution coefficients (Kd) for specific organic chemicals detected beneath the Site. The 
6 distribution coefficient is proportional to the weight fraction of TOC (foe) such that: 
7 
8 Kd=Kocxfoc 
9 

10 where Kocis the partition coefficient of a compound between organic carbon and water. When values of foe 
11 and Koc are known, the above equation predicts the extent of partitioning. 
12 
13 Hydrogeology 
14 
15 Sheet 3-1 shows the screened elevations of each of the 64 on-Site monitoring wells and piezometers and depicts 
16 which geologic units that each well is screened in. A comprehensive smmnary of monitoring well construction 

17 data was presented on Table 2-13 in Section 2.5. Potentiometric surface contour maps are presented in 
18 Appendix J, and monthly ground water elevation data and hydrographs are presented in Appendix I. The 
19 monthly ground water elevation data shown on the hydrographs extends from July 1, 1993 to September 1, 
20 1995.. Monthly ground water elevation data for years prior to July 1993 were presented in Appendix II of the 

RifFS Work Plan. Although Site-wide monthly ground water elevations continue to be recorded, the 
_1, presentation of recorded values was terminated after September 1995 (coincident with the ending of the R1 field 
23 investigation). In addition to the monthly recordings, historical monthly ground water elevation hydrographs for 
24 wells affected by the French Drain and P6A Interim Actions are also presented in Appendix I (these 
25 hydrographs were initially presented in Appendix II of the December 16, 1994 Interim Action Efficacy Report). 
26 
27 3.4 Site Geological Model 
28 
29 The SGM consists of seven distinct geological units (compared to five originally defmed in the RifFS 

30 Work Plan). For this report, a geological unit is defined as an assemblage of strata having discrete 

31 similarities with respect to lithologic and stratigraphic properties. Some of the geological units within 

32 the SGM have been further sub-divided into geologic zones. A zone is defmed as a minor 

33 stratigraphic interval within a defined geologic unit that possesses dissimilar geological properties and 

34 limited spatial distribution within the unit. "Unit" and "Zone" are capitalized when used formally 

35 with the identifying nomenclature of the geological strata (e.g., Lower Clay Unit, Lower Sand 

36 Zone). A stratigraphic column showing the geological units and zone within the SGM is shown on 

37 Figure 3-8 (note that Fill is not defmed as a unit or zone due to the non-homogenous nature of the fill 

38 material beneath the Site). For ease of identification, each geologic unit and zone has been assigned a 

39 stratigraphic code as shown on Table 3-4 and Figure 3-8. The stratigraphic codes appear on 

40 numerous data tables in Chapters 2 through 5 so that the reader can easily determine the geologic unit 

41 a particular soil or ground water sample was collected from. 

~ 

43 In addition to the seven geologic units, three distinct hydrostratigraphic systems were defined within 
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1 the SGM as shown on Figures 3-7 and 3-8. The purpose of this was to group the geologic units 

2 based on similar hydrogeologic properties to simplify the presentation of the SGM, and discussions on 

3 contaminant transport presented in Chapter 5. The three hydrostratigraphic systems consist of a 

4 Perched Ground Water System (containing a Vadose Zone, and two perched ground water wnes-

5 Perched Zone I and Perched Zone II), a Confming System (Lower Till Unit and non-saturated 

6 deposits of the Norwood Trough Sand and Gravel Unit), and a Commed Aquifer System (Norwood 

7 Trough Aquifer). 

8 

9 The hydrostratigraphic systems and geologic units within the SGM are characterized below. Within 

10 each sub-section, a brief overview of the important aspects of each hydrostratigraphic system and each 

11 geologic unit are presented first. More detailed analyses of the geological units are presented in a 

12 smaller font size. For each geological unit, the detailed discussion includes: 1) a general description 

13 of the unit based on the USCS Classification system, grain size distribution, and boring Jog 

14 descriptions; 2) a summary of the geotechnical properties; and, 3) review of the unit's Site-wide 

15 stratigraphic characteristics. In terms of the geotechnical properties, emphasis is placed on grain size 

distribution, porosity, moisture content, percent saturation, and hydraulic conductivity since these are 

1 the more important parameters that influence ground water movement and, therefore, are critical in 

18 the identification of potential contaminant migration pathways. 

19 

20 3.4.1 Perched Ground Water System 

21 

22 The Perched Ground Water System consists of 60 to 70 feet of silt and clay derived from glacial, 

23 lacustrine, and glaciofluvial depositional environments. The silt and clay deposits contain 

24 discontinuous sand seams and localized charmels of outwash sand and gravel which contain limited 

25 quantities of perched ground water. The fme grained geologic units which dominate the Perched 

26 Ground Water System (i.e. Upper Till Unit, Lacustrine Unit, Lower Clay Unit, and Lacustrine 2 

27 Zone) have low vertical hydraulic conductivities. Collectively, these units behave as an aquitard and 

28 thus have been grouped within the Perched Ground Water System. Coarser grained geologic units 

29 and zones within the Perched Ground Water System (i.e. Upper Sand Unit and Lower Sand Zone) are 

30 Jess prevalent than the fme grained units. The quantity of perched ground water within the Perched 

31 Ground Water System varies significantly beneath the Site depending upon the spatial characteristics 

32 of the coarser grained deposits. Perched ground water is more abundant beneath the central portion 

33 of the Site than beneath the southern portion due to the presence of outwash sand and gravel deposits 

34 associated with the Upper Sand Unit and the Lower Sand Zone, and localized changes in grain size 

distribution in the Lacustrine and Lower Clay Units. 
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1 As shown on Figures 3-7 and 3-8, the Perched Ground Water System consists of a Vadose Zone and 

2 two separate perched ground water zones (Perched Zone I and Perched Zone II). Although two or 

3 more of the three zones within the Perched Ground Water System may be hydraulically connected, 

4 perched ground water flow (and subsequent contaminant migration) is principally within the discrete 

5 coarser grained conduits situated within each zone. For example, perched ground water in the 

6 Vadose Zone is artificially charmelized via sewer trenches or along the base of the fill of the former 

7 West Ravine. In contrast, the occurrence and flow of ground water in Perched Zone I is restricted to 

8 the Upper Sand Unit. In Perched Zone II, ground water flows beneath the central portion of the 

9 facility in coarser deposits within the Lower Clay Unit, and beneath the southern portion of the Site 

10 in thin silty sand seams within the Lacustrine Unit. 

11 

12 3.4.1.1 Vadose Zone 

13 

14 The Vadose Zone consists of shallow fill material (0 to 5 feet), the fill of the former West and East 

15 Ravines, and the Upper Till Unit. The thickness of the Vadose Zone varies between 26 and 45 feet 

--; with the thickest portions occurring beneath the southwest and northeast portions of the property. Fill 

17 

18 

material within the Vadose Zone has been placed across the entire property and can be divided into 

three main categories: 1) general surficial soil fill situated above the Upper Till Unit; 2) the fill of 

19 the former West Ravine; and, 3) the fill of the former East Ravine. Underlying the fill is the Upper 

20 Till Unit which represents the uppermost natural geologic deposit in the SGM. The Upper Till Unit 

21 is comprised of a firm silt and clay matrix which contains Jesser amounts of sand and gravel 

22 (Table 3-7). The unit is very coherent and hard in nature and contains thin (less than 2 feet) 

23 interbedded sand lenses which are generally discontinuous and wet (informally referenced as 

24 "Upper Till Sand Seams"). 

25 

26 Perched ground water within the Vadose Zone occurs in diverse, but limited sources within the 

27 shallow subsurface including the Upper Till Unit Sand Seams, at the base of the West Ravine fill, and 

28 in the backfill of underground storm sewers. These sources represent the first perched ground water 

29 encountered in borings drilled beneath the property. Well yields from the majority of the monitoring 

30 wells screened in the Vadose Zone were very low (I to 6 gallons) during the quarterly SSPL ground 

31 water sampling events. Moreover, perched ground water in the Vadose Zone primarily occurs in 

32 non-natural geologic environments which contributes to the limited well yields, slow recharging 

33 conditions, and other ground water quality issues such as elevated turbidity. Calculated horizontal 

34 hydraulic conductivities from slug test data ranged from 1.3 x 10·2 to 1.9 x w-s cm/s in three wells 

l screened in the Upper Till Sand Seams (Table 3-8). 

36 
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1 Depth to perched ground water in the Vadose Zone ranges from approximately 15 to 25 feet in wells 

2 screened in Upper Till Sand Seams, and 5 to 25 feet in wells screened in fill or backfill. Due to the 

3 diverse geological nature of the deposits and fill materials in the Vadose Zone, there is uncertainty 

4 regarding the rate of horizontal and vertical movement of perched ground water within the zone. 

5 Perched ground water sources in the Vadose Zone are probably not entirely interconnected beneath 

6 the Site since materials comprising the Upper Till Sand Seams,. the fill of the former West Ravine, 

7 and the backfill around storm sewers vary considerably in their ability to transport water. Further 

8 complicating this was the erosion of the Upper Till Unit during the development of the former West 

9 and East Ravines which resulted in the outcropping of Upper Till Sand Seams along the banks of the 

10 ravines. Other influences on flow patterns within the Vadose Zone which exist include seasonal 

11 variations in precipitation. 

12 

13 As shown on Figure 3-1 and Table 2-13, perched ground water in theVadose Zone is monitored by 

14 20 wells and three piezometers. Five of the monitoring wells are screened in Upper Till Sand Seams 

15 along the western and southern property boundaries, two along the northern property boundary, three 

in the central portion of the facility, and one just east of the southeastern property boundary. Four of 

7 the wells are screened at the base of the fill of the former West Ravine. Monitoring well MW504 is 

18 located south of Sump-562 in the median of S.R. 562 and is screened in the backfill of the 27-inch 

19 storm sewer that extends from Sump-562. In addition, three monitoring wells are screened in the 

20 backfill of the 84-inch storm sewer. 

21 

22 Fill 

23 

24 Fill material has been placed across the entire property and can be divided into three main categories: 

25 1) general surficial soil fill situated above the Upper Till Unit; 2) the fill of the former West Ravine; 

26 and, 3) the fill of the former East Ravine. The characteristics of these three fill types are discussed 

27 below: 

28 
29 I. Surficial Fill 
30 
31 Surficial fill ranging in thickness between 2 and 5 feet was encountered in nearly every boring drilled 
32 outside the boundaries of the former West and East Ravines during the Rl, and in borings drilled during 
33 previous Site investigations. The fill material consists of light brown, mottled, non-engineered clay and silt 
34 with some sand and gravel. Interdispersed witbin the silt and clay are small pieces of non-natural materials 
35 such as brick, asphalt, concrete, plastic, glass, wood, etc. The thickest area of non-engineered fill occurs 
36 along the southern property boundary between Vertical Extent Boring VE508, VE509, and VE510 where 
"7 the fill is between 9 and 20 feet thick (Appendix G-6). Geotechnical samples of the surficial fill material 
s collected at VE508 and VE510 indicate the material is a lean clay with a hydrattlic conductivity of 
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Approximately 20 feet of non-engineered surface ftll was encountered at boring VE508 which was drilled 
along the southern property boundary approximately 90 feet southeast of Building 4 (Sheet 1-1). The ftll 
material at VE508 differed from the West Ravine fill material encountered at VE315 located 50 feet 
northwest of VE508. The ftll at VE315 consists of clay and silt along with concrete, plastic, glass, and 
dark staining which is typical of the ftll of the former West Ravine. In contrast, the fill at VE508 is void 
of any foreign materials and resembles the type of ftl1 frequently encountered outside the boundaries of the 
former West Ravine and the ftll material encountered at VE509 and VE510 (located to the west of VE508). 
Based on this evidence, it is believed that the ftll material encountered at these three southern property 
Vertical Extent Borings may have been placed during the construction of S.R. 562. As show on Appendix 
G-6 and on the boring logs in Appendix A, the fill material thins to 9 feet at VE509, but thickens again to 
approximately 15 feet at VE510. At VE520, located 60 feet east of VE508, approximately 12 feet of fill of 
the former West Ravine was encountered again which assists in further determining the extent of the former 
West Ravine fill materials. The primary issue observed from this data is that the fill of the former West 
Ravine terminates between VE315 and VE508 beneath this area of the property. 

2. West Ravine Fill 

The historical filling of the former West Ravine was summarized in Section 1.3.1 (Development and 
Grading) and is not furthered reviewed here. The fill material primarily consists of a clay and silt matrix 
with varying amounts of sand, gravel, broken pieces of glass, larger fragments of concrete, wood and metal 
construction debris, wood chips, and frequent soil staining. Lesser amounts of debris and soil staining were 
encountered in borings drilled in the upper northwestern portion of the ravine than in the southeastern 
portion. No geotechnical samples were collected from the West Ravine fill due to the heterogeneous nature 
of the materials. Large slabs of concrete, logs, glass bottles, rubber car tires, metal strips, and plastic 
bottle caps are visible near the bottom of the fill material at the mouth of the former West Ravine. At this 
area of the Site, the fill material slopes down the steep walls of the former ravine and represents the 
terminus of filling activity. The Outfall which discharges water from the ravine is present at the end of the 
fill. Three on-property test pits dug into the first 10 feet of the fill material during previous Site 
investigations also encountered the same type of fill materials described above. 

According to the boring logs drilled within the boundary of the former West Ravine, the thickness of the 
West Ravine fill material is fairly consistent with the difference in contour elevations between the 1912 
topographic map (Figure 1-5), and the present topographic contour elevations (Sheet 1-1). The thickness of 
the fill increases from the northwest to the southeast with the thickest portions occurring along the axis of 
the former ravine (Sheet 1-1). For example, fill materials were encountered between 12 and 16 feet 
between borings VZ317 and VE312, and between 16 and 27 feet between VE312 and VE315 (Cross Section 
X-X' in Appendix G). The fill material becomes increasingly thinner perpendicular to the ravine axis 
reflecting the placement of materials on the slope of the former West Ravine. Fill material is not present 
south of the Outfall except surficially along the walls of the former ravine (visually evident as one stands at 
the Outfall), and by the 8 to 12 feet of fill encountered VE519 and VE520 (located 15 feet east, and 30 feet 
west of the Outfall, respectively). At VE518, located 55 feet south of the Outfall, only four feet of 
surficial fill were encountered; no materials resembling West Ravine fill were observed. 

The fill of the West Ravine sits on top of the Upper Till Unit everywhere except at the southeastern one
third portion of the former ravine. Following the same topographic analysis discussed in the previous 
paragraph, the channel of the former ravine progressively eroded the Upper Till Unit from northwest to 
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1 southeast. For example, approximately 9 feet of the Upper Till Unit were encountered at boring VE313, 
2 but at VE315 and VE519 (located !60 and 240 feet to the southeast, respectively), the Upper Till Unit is 
3 completely eroded away and the fill material sits directly on top of the Lacustrine Unit (Cross Section X-
4 X'). 
5 
6 During previous Site investigations, several monitoring wells were constructed at or the near the boundary 
7 between the fill of the former West Ravine and the Upper Till Unit including MW4, MW6, MW9, and 
8 MW12 (Sheet 3-1). The wells are monitoring perched ground water that exists near the former drainage 
9 channel at the bottom of the ravine. Ground water flowing along the base of the West Ravine fill 

10 discharges at the Outfall. A portion of the ground water may also infiltrate into the lower lying Lacustrine 
11 Unit and migrate to Seep-562. Concrete conduits at the Outfall and Seep-562 funnel discharged water to 
12 Sump-562. The fill in the former West Ravine is non-engineered and heterogeneous and is, therefore, 
13 conducive to the occurrence of voids and channels. Some of the discharge from the Outfall and Seep-562 
14 may originate from perched ground water voids in the fill that are recharged by water flowing into the fill 
15 from Upper Till Sand Seams. A small portion of the ravine in the vicinity of the former Tank Farm is not 
16 capped, so infiltration may contribute to a small part of the discharge at the mouth of the ravine. During 
17 the Rl field investigation, the base flow discharge at the Outfall was approximately 0.5 gallons per minute 
18 (gpm). During rain events, the discharge increased to approximately 5 to 10 gpm, but then decreased back 
19 to baseflow soon after the rain event ceased. The discharge at Seep-562 was too negligible to quantify 
20 during the field investigation. 
"l 
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3. East Ravine Fill 

The historical filling of the former East Ravine was discussed in Section 1.3 .I. The environmental 
implications associated with the fill of the former East Ravine were not determined during previous Site 
investigations because historical review indicated that the material was primarily soil and construction 
materials derived from off-property sources. More emphasis was placed on investigating the fill of the 
former West Ravine since most of the materials were derived from on-property sources. In the RI/FS 
Work Plan, it was determined that there was a need to confirm that East Ravine fill was not derived from, 
or impacted by, historical on-property operations. 

The fill of the former East Ravine resembles the surficial fill encountered outside the boundaries of the 
former West Ravine. It consists predominantly of soft to medium dense silt and clay with ntinor amounts 
of sand, gravel, and small pieces of brick, concrete, asphalt, and wood debris. Some larger pieces of 
typical construction debris (e.g. plywood, drywall, plastic sheeting) were sparsely encountered in the first 
15 to 20 feet of the fill at some of the boring locations. The most concentrated amount of debris was 
encountered between 15 and 25 feet at boring VZ405. In contrast to the West Ravine fill, no widespread 
occurrence of broken glass, plastic caps, or soil staining was observed. Also in contrast, the thickness of 
the fill remains consistently between 32 and 36 feet along the northwest to southeast trending axis of the 
former East Ravine (Cross Section Z-Z' and Appendix G-7 in Appendix G). This occurs because the 
former East Ravine was a more elongated and broadly shaped drainage ravine extending approximately 200 
to 250 feet north and south of the property line before it was filled (Figure 1-6). As shown on the 1912 
topographic map (Figure 1-5), the western wall of the former East Ravine was more steep than the gently 
sloping eastern wall which contributed to: I) the broadness of the ravine and the relative consistency in the 
thickness of fill encountered in soil borings; and, 2) the extension of fill material beyond the northern, 
eastern, and southeastern property boundaries. 
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1 Like the West Ravine, the geologic development of the East Ravine eroded away most of the Upper Till 
2 Unit and the majority of the Lacustrine Unit as shown on Appendix G-7 and Cross Sections Y-Y' and Z-Z'. 
3 The only boring that encountered these units beneath the fill of the East Ravine was VE402 which was 
4 drilled through the western wall of the former ravine. North of a line that extends from VE402 east to 
5 VZ408 and VZ409, the East Ravine fill sits on top of silt and fme grained sand deposits associated with the 
6 top of the Lower Clay Unit. South of that line, the Lower Clay is more silt and clay rich (Cross Sections 
7 Y-Y' and Z-Z'). These characteristics of the Lower Clay Unit are further described below in the geologic 
8 characterization of this unit. 
9 

10 Beneath the fill of the former East Ravine, backfill materials around the 84-inch storm sewer pipe which 
11 traverses the axis of the ravine contain perched ground water. Monitoring wells MW18, MW23, and 
12 MW506 are monitoring the perched ground water which is derived from infiltration. Perched backfill 
13 ground water monitored at the eastern property at MW18 and MW23 is believed to flow into the seep at 
14 Sewer C, and downgradient to MW506 located approxitnately 225 feet southeast of the property 
15 (Sheet 1-1). The ground water elevation at MW506 is approximately 4 feet lower than the elevation 
16 observed at MW23 as depicted on the Vadose Zone potentiometric maps in Appendix J. 
17 
18 Upper Till Unit 

19 

20 The Upper Till Unit represents the uppermost natural geologic deposit in the SGM and is primarily comprised 

of a very finn, slightly moist silt and clay matrix which contains about 31% medium to coarse grained sand, 

and 9% gravel (Table 3-7). The unit is very coherent and hard in nature and contains thin (less than 2 feet) 22 

23 interbedded sand lenses which are generally discontinuous and wet (informally referenced as "Upper Till Sand 

24 Seams"). The top 4 to 8 feet of the Upper Till Unit is characterized by a yellow to orange brown hue which 

25 signifies the presence of a weathered zone directly beneath overlying fill. The brownish hue changes to dark 

26 gray once the unweathered portion of the Upper Till Unit is encountered (e.g. see the boring log description 

27 from 0 to 10 feet below grade for VE509). Undisturbed geotechnical samples collected from the Upper Till 

28 Unit were predominantly defmed as lean clay under the USCS Classification System (Table 3-5). The surface 

29 of the Upper Till Unit was eroded by the former West and East Ravines as described above. The unit is not 

30 present off property in the southern portion of the Site because this area is topographically lower than the EM 

31 Science facility (Sheet 1-1). A total of 31 geotechnical samples were collected from the Upper Till Unit (Table 

32 3-5). Eight samples were collected from Upper Till Sand Seams within the Upper Till Unit. The Upper Till 

33 Unit is further characterized by the following properties: 

34 
35 The silt and clay rich matrix of the Upper Till Unit represents the most important physical property of the 
36 unit. This matrix constituents approximately 60% of the mean grain size distribution (Table 3-7 and 
37 Appendix H-3) resulting in a mean vertical hydtaulic conductivity o~ 2.10 x 10·7 cm/s (Table 3-7 and 
38 Appendix H-5). The relatively heterogeneous nature of the Upper Till Unit is evidenced by the probability 
39 plots of grain size distribution shown in Appendix H-3. The data for percent clay, silt; sand, and gravel for 
40 samples collected from the Upper Till Unit are not normally distributed. The silt and clay rich nature of 
41 the Upper Till Unit in conjunction with the low values of hydtaulic conductivity (Appendix H-6) allow for 
42 general classification of the unit as an aquitard, capable of transmitting water only at a relatively low rate. 

This is verified by the plots of Upper Till geotechnical data shown in Appendix H -9 and Appendix H -10. 
~4 In the porosity versus hydtaulic conductivity plot shown in Appendix H -9, the percent porosities are 

CHAPTER3.Rl\HYM 
10/21/96 

3-24 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 _, 

3 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

,; 

EM Science RI Report 
Chapter 3 

October 25, 1996 

relatively clustered between 20 and 30% resulting in hydraulic conductivities between I x IO·' and 1 x 10-s 
cm/s. In some instances, the percent porosity increases between 30 and 40%, however, the hydraulic 
conductivity does not reflecting the poorly sorted nature of the Upper Till Unit. In the saturation versus 
porosity plots in Appendix H-10, a relatively widespread scattering of the data occurs indicating that the 
Upper Till Unit consists of a large vatiation of disconnected pore space sizes and that the amount of water 
contained in the unit vaties as the pore size changes. The occurrence of water in clay rich deposits is 
generally restricted to hygroscopic water, or water adsorbed onto grain surfaces such that it can be 
considered immobile (i.e. increased specific surface area in clays and silts increases water retention 
characteristics). 

The Upper Till Unit has been affected by natural erosion and, therefore, has a wide range of thickness 
(between 5 and 35 feet) as shown in the Cross Sections shown in Appendix G. The thickest portions occur 
beneath the north-central and southwestern portions of the facility where erosion has been less of a factor. 
The thinnest portions occur beneath the axis of the former West Ravine. The development of the former 
West Ravine drainage channel cut progressively deeper into the Upper Till along its northwest to southeast 
trending axis. Near the mouth of the former West Ravine at Vertical Extent Boring VE315, the Upper Till 
Unit has completely eroded away and fill material sits directly on top of the Lacustrine Unit (Cross Section 
D-D'). This situation also occurs beneath the mouth of the former West Ravine. In similar fashion, the 
former East Ravine drainage channel completely eroded away the Upper Till Unit during its development. 
As shown in Cross Sections B-B' and C-C', and Appendix G-2, the Upper Till Unit outcropped along the 
western face of the former East Ravine before it was filled. South of EM Science's southern property 
boundary, the Upper Till Unit outcrops along the engineered slope of S.R. 562 and is not present in the 
southern portion of the Site. 

The Upper Till Sand Seams occur sporadically within the silt and clay-rich matrix of tlie Upper Till Unit 
usually between an elevation 585 to 597 feet MSL. The fine to mediutn grained sand seams are 
discontinuous and vary in thickness (typically several inches to 2 feet) with the thickest seam (5 feet) 
encountered at MW31B during a previous Site investigation (Cross Section A-A'). Infiltrating precipitation 
and surface run-off have migrated to several of these near surface seams which represent the initial perched 
ground water encountered beneath the Site. Several of the seams were cut off by the former West and East 
Ravines leaving small-scale outcrops along ravine walls (Cross Section D-D'). The frequency of the sand 
seams decreases towards the southern and southeastern property boundary where the wet seams consist of 
thin silty fine grained sand seams with low hydraulic conductivities and well yields (this includes MW27, 
MWSlA, and MW501 a well which did not yield a volutne of water capable of supporting the collection of 
ground water samples during the RI Site investigation). Horizontal hydraulic conductivities determined 
from slug test data ranged from 1 x 10·2 to 1 x IO·' cm/s for 3 of the 12 monitoring wells screened in the 
Upper Till Sand Seams (MW13, MW31B, and MW51A; see Table 3-8). The mean vertical hydraulic 
conductivity of recompacted samples collected from Upper Till Sand Seams was 1.4 x 10·5 cm/s as shown 
on Table 3-8 and plot Appendix H-5. 

Except in the vicinity of MW501, none of the Upper Till Sand Searru; within the SGM extend beneath the 
southern or eastern property boundaties (i.e. the downgradient property boundaties associated with the 
Site). To the east, all sand seams within the Upper Till Unit outcropped along the west wall of the former 
East Ravine before it was filled. After it was filled, perched ground water seeping from the seams was 
probably in hydraulic communication with the fill, however, the French Drain interim action has mitigated 
this. As described in the preceding paragraph, this is evident at MWSOl which is monitoring a !-foot thick 
sand seam 70 feet east of the French Drain (Sheet 3-1). MW501 is located just west of the point where a 
sand seam outcrops along the former west wall of the East Ravine (Cross Section Z-Z'). The Upper Till 
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Unit Sand Seams monitored by MW51A and MW27 extend east to the west wall of the former West Ravine 
where they outcrop, and to the south where they pinch out along the engineered slope of S.R. 562 (Cross 
Section D-D'). 

Vadose Zone Hydrogeology 

As shown in the Vadose Zone potentiometric surface contour maps in Appendix J, the fill of the 

former West Ravine has an influence on the direction of perched ground water flow in the Vadose 

Zone beneath the central portion of the Site. Perched ground water in the Upper Till Unit is believed 

to be flowing southeast towards the axis of former West Ravine, and then down the axis to the Outfall 

located at the mouth of the ravine. This flow system probably existed before the West Ravine was 

filled; discharge of this flow contributed to the perennial stream that historicillly flowed at the base of 

the ravine. East of the former West Ravine, perched ground water flow is primarily towards the fill 

of the former East Ravine which is cut-off by the French Drain as shown in Cross Section C-C' in 

Appendix G. East of the French Drain, no Upper Till Sand Seams exist except at MW 501 which was 

dry during every monthly water level recording except two (Table 2-14). During those two months 

(March and May 1995), the ground water elevation was less than 0.82 feet above the bottom of the 

well screen cap. Recharge to MW501 has been cut-off by the French Drain. 

Recharge to the Vadose Zone is believed to be primarily from Upper Till Sand Seams that extend 

beneath the western and north-central property boundaries. Recharge to the Upper Till Sand Seams 

or the fill of the West Ravine by on-property infiltration is substantially restricted. The central and 

southern portions of the property are predominantly covered by pavement and buildings except for 

small areas east of Building 4 (in the area of the former Tank Farm) and east of Building 14. In 

addition, storm water run-off from buildings and paved areas is diverted to an on-property engineered 

storm water drainage system. So most of the precipitation that falls on the central portion of the 

facility is lost to controlled surface water run off and evaporation. This situation also occurs in the 

northeastern portion of the facility which is entirely paved and also engineered to control storm water 

run-off. 

Hydrographs for monitoring wells screened in the Vadose Zone are presented in Appendix 1-1 

through 1-3. In the majority of the Vadose Zone wells screened in-Upper Till Sand Seams, changes 

in perched ground water elevations correlate with seasonal wet (January through May) and dry 

periods (June through December) associated with southwestern Ohio. This is quite evident at wells 

MWS, MW13, and MW51A, and to a lesser degree at MW2, MWll, MW25, and MW301. Water 

level fluctuations in these wells were less than two feet except at MW13 where the water elevation 

fluctuated between, 2 and 3 feet. In monitoring wells screened in fill materials, seasonal fluctuations 
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3 Ground water elevations in the Vadose Zone wells show poor correlation to rainfall events as shown 

4 on two hydrographs with rainfall histograms (MW9 and MW13 in Appendix F-3). This supports the 

5 indication that direct precipitation recharge of fill and Upper Till Sand Seams is minimal beneath the 

6 facility. Based on the hydrographs for MW5, MW13, MW14A, and MW31B, the French Drain 

7 appears to have had little influence on the elevation of the water table. No dewatering effects are 

8 evident on the hydrographs. The relatively low hydraulic conductivity of the Upper Till Unit, in 

9 combination with recharge areas located upgradient of the Site, would be expected to cause a slow 

10 response to gravity drainage into the drain. 

11 

12 During quarterly SSPL ground water sampling events, all Vadose Zone monitoring wells were purged 

13 dry during every event except MW4, MWll, MW13, MW25, MW31B, and MW301 as shown on 

14 Table 2-10. Seven of the wells were purged dry every time after the removal of less than orie gallon 

15 of water from the well. The remaining wells were purged dry after the removal of 1 to 6 gallons of 

water. After going dry, all wells recharged very slowly requiring multiple days of sample collection 

I at some of the well locations. This is evident by the hydrograph for MW1 which shows periods of 

18 very slow recharge after the ground water sampling events commenced in February 1994 

19 (Appendix 1-2). These characteristics demonstrate the overall low yielding, slow recharging. 

20 conditions of the perched ground water in the Vadose Zone. Five of the wells that did not go dry 

21 (MWll, MW13, MW25, MW31B, and MW301) are screened in thicker sand seams within the Upper 

22 Till Unit. MW4 is screened in the bottom of the West Ravine fill south of Building 10. It is 

23 uncertain as to why MW 4 was not purged dry while the other three wells screened at the base of the 

24 f!ll did. 

25 

26 As discussed in Section 2.6, the slow recharging conditions contributed to elevated turbidity readings 

27 (> 100 NTUs) at some of the Vadose Zone wells during sample collection. The primary reason for 

28 the elevated turbidity was the low volume of water in the wells. During sampling, any residual 

29 sediments at the bottom of the low yielding wells became agitated as the water elevation rapidly 

30 dropped due to slow recharging conditions, especially during earlier sampling events where hand 

31 bailing was used to sample some of the wells. During later events;more sophisticated sampling 

32 techniques were employed (e.g. the use of peristaltic, centrifugal, and piston pumps) to reduce the 

33 turbidity in the low yielding environment. The elevated turbid conditions affected the detected 

34 concentrations of specific contaminants in perched ground water such as dioxins and furans, and total 

metals. The impact of turbidity on ground water contaminant results in discussed in more detail in 

5 Chapter 4. 
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3 Underlying the Vadose Zone within the Perched Ground Water System is Perched Zone I which is 

4 present at about 30 to 35 feet (575 to 580 MSL) below grade (Figure 3-7). Perched Zone I consists 

5 of outwash sand and gravel deposits of the Upper Sand Unit. The 2 to 7 feet thick deposits are the 

6 first source of perched ground water beneath the Vadose Zone. The Upper Sand Unit is the only 

7 geologic unit included within Perched Zone I because it is a relatively discrete, continuous sand body 

8 within the SGM. The Upper Sand Unit is located beneath the western, northern, and central portions 

9 of the facility where it is situated between the silt and clay rich Upper Till and Lacustrine Units. 

10 Ground water flow in the Upper Sand Unit is relatively well defined. Due to the French Drain 

11 interim action, however, ground water flow in the Upper Sand Unit does not flow downgradient of 

12 the EM Science property even though the unit extends beneath the southeastern property boundary. 

13 The French Drain has artificially influenced the direction of perched ground water flow in the Upper 

14 Sand Unit, and has dewatered the Upper Sand Unit along the southern property boundary. 

15 

Upper Sand Unit 

17 

18 The Upper Sand Unit is defmed. as a well graded sand with silt and clay under the USCS 

19 Classification System (Table 3-7). The surface of the Upper Sand Unit is shown on Appendix G-8. 

20 As depicted in this figure, the unit is not present beneath the southwestern or south central portions of 

21 the facility, or beneath the former East Ravine. The unit also does not exist south of the southern 

22 property boundary. The Upper Sand Unit is the primary perched ground water bearing unit beneath 

23 the Site. As mentioned above, the French Drain interim action was constructed at a downgradient 

24 position to capture eastward flow in the unit at the point where it historically discharged into the fill 

25 material of the former East Ravine (Cross-Sections A-A' through C-C'). The geological properties of 

26 the Upper Sand Unit are defined in more detail below: 

27 
28 A total of 13 geotechnical samples were collected from the Upper Sand Unit during the RI. The Upper 
29 Sand Unit consists of light brown, medium to coarse grained sand and fme to medium gravel. The mean 
30 grain size distribution in the Upper Sand Unit consists of approximately 86% sand and gravel and 14% silt 
31 and clay (Table 3-7 and Appendix H-3). Since all geoteclmical samples collected from the. Upper Sand Unit 
32 are disturbed and collected from saturated deposits, they are assumed to have an in-situ saturation of 100%. 
3 3 Laboratory measured estimates of vertical hydraulic conductivities from recompacted samples indicate that 
34 the unit has a mean hydraulic conductivity of 3.8 x IO·' cm/s (Table 3-7 and Appendix H-5). Horizontal 
35 hydraulic conductivities calculated from slug test data at four on-property wells screened in the Upper Sand 
36 Unit (MW26, MW29, MW31A, and PI) ranged between 3.1 x 10·2 to 7.8 x 104 cmls (Table 3-8 and 
17 Appendix H-11). Along with the Lower Sand Zone, these were the highest hydraulic conductivities 

observed in the SGM. The plot of porosity versus hydraulic conductivity in Appendix H-9 shows that as 
:>9 porosity increases in the Upper Sand Unit, so does the hydraulic conductivity indicating that the unit is very 
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3 The Upper Sand Unit ranges in thickness between 2 and 7 feet and is most prolific beneath the central 
4 portion of the Site where it is laterally continuous from MW26 to the French Drain (Cross Sections A-A' 
5 and B-B', and Appendix G-3). Before the French Drain was installed, the unit outcropped along the 
6 western wall of the former East Ravine which limited its extent to the east. Perched ground water flowing 
7 in the unit probably seeped out along the wall and flowed to the drainage channel at the bottom of the 
8 ravine before the ravine was filled. After the ravine was filled, the construction of the French Drain 
9 mitigated seepage into the fill by collecting perched ground water flowing to the east. Portions of the 

10 Upper Sand Unit remain east of the French Drain beneath the southeastern portion of the property where 
11 the west wall of the former East Ravine trends further to the east (Appendix G-8). However, recharge to 
12 these areas has been cut-off by the French Drain. MW15 and PI are monitoring this area of the Upper 
13 Sand Unit (Sheet 3-1). Monitoring well boring MW501 was drilled to confirm that the Upper Sand Unit 
14 does in fact outcrop along the west wall of the East Ravine southeast of the property boundary. As shown 
15 on the boring Jog for this well and Cross Section Y-Y', the Upper Sand Unit was not encountered at this 
16 area of the Site thus confirming its extent east of the property. 
17 
18 It is likely that the Upper Sand Unit also outcropped along the west wall of the former West Ravine in the 
19 lower one-third portion of the ravine. At this area of the Site, the bottom of the former ravine was eroded 
20 below the top of Upper Sand Unit (Cross Section X-X' and Figure Appendix G-8). The Upper Sand Unit 
"l at boring VE314/VZ323 is located at an elevation where a former outcrop of the unit allows for hydraulic 

communication with the fill material of the former West Ravine. 
3 

24 In borings drilled along the southern property boundary (VE509 and VE510), the Upper Sand Unit was Jess 
25 than 2 feet thick. Monitoring well P5 (located 30 feet east of VE510) may be screened in a Jense of the 
26 Upper Sand Unit because ground water elevations in this well dropped after the French Drain was 
27 constructed. The Upper Sand Unit was not encountered in any off-property borings dtilled south of the 
28 southern property boundary; the unit likely pinches out along the engineered slope along S.R. 562 as 
29 shown on Appendix G-8. 
30 

31 Perched Zone I Hydrogeology 

32 

33 The monitoring well network in Perched Zone I (or Upper Sand Unit) consists of 10 wells and one 

34 piezometer (MWllA) as shown on Sheet 3-1 and Table 2-13. Upgradient locations include MWllA, 

35 MW21A, MW25A, MW26, and MW29. Downgradient wells include MW14, MW31A, MW35, and 

36 P5 (monitoring wells PI· and MW15 are located further east of MW14 but have been hydraulically 

37 cut-off from the Upper Sand Unit by the French Drain). Recharge to the unit is primarily from 

38 upgradient sources located west and north of the property. 

39 

40 The potentiometric surface contour maps in Appendix J illustrate the direction of ground water flow 

41 in Perched Zone I. As shown on the potentiometric surface contour maps, the hydraulic gradient in 

42 the Upper Sand Unit becomes more steep just west of the French Drain. The hydraulic gradient in the 

J Upper Sand Unit is approximately 0.002. It is likely that some perched ground water flowing in the 
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1 Upper Sand Unit discharges into the fill of the former West Ravine just east of Building 4 where the 

2 unit outcrops along the west slope of the ravine (as s!10wn in Cross Section X-X' in Appendix G). 

3 The discharge probably contributes to the baseflows at the Outfall and Seep-562. East of the French 

4 Drain, the Upper Sand Unit also outcropped along the west wall of the former East Ravine before it 

5 was filled, however, the French Drain has ceased discharge along the ravine slope as shown in Cross 

6 Sections A-A' and B-B'. 

7 

8 The French Drain has caused the potentiometric surface of the Upper Sand Unit to drop 2 to 5 feet. 

9 A statistical analysis of historical ground water elevation data for wells screened within the Upper 

10 Sand Unit was presented in Section 4.3 of the 1994 Interim Action Efficacy Report (p. 33 to 41). 

11 The results of the analysis indicated that statistically significant differences observed from the data 

12 were attributed to the lowering of elevations by the French Drain. At P5 located south of Building 4, 

13 the ground water elevation has dropped within 0.5 feet of the bottom elevation of the screen 

14 indicating that the French Drain has nearly dewatered the Upper Sand Unit located beneath the 

15 southwestern property boundary. This well was purged dry during every quarterly SSPL ground 

') water sampling event after less than 0.5 gallons of water were removed from the well (Table 2-10). 

17 

18 

Extremely slow recharging conditions required several days to sample the well. This was also the 

case at two other wells screened in the Upper Sand Unit: 1) at MW15 where recharge to the well has 

19 been cut-off by the French Drain; and, 2) immediately upgradient of the drain at MW14 where the 

20 hydraulic gradient increases rapidly as ground water discharges into the French Drain, and where the 

21 thickness of the Upper Sand Unit is only 2.5 feet. Recharge to monitoring well P1 has also been cut-

22 off by the French Drain, however, this well was never purged dry during the SSPL sampling events 

23 indicating a sufficient volume of perched ground water still remains in portions of the Upper Sand 

24 Unit east of the French Drain. Monitoring wells MW25A, MW26, MW29, MW31A, and MW35 

25 did not go dry during sampling and were able to sustain pumping rates of 1 to 2 gpm. 

26 

27 Monthly ground water elevation hydrographs for the Upper Sand Unit wells show increasing and 

28 decreasing trends associated with wet and dry seasons. For most of the wells, the seasonal fluctuation 

29 was between 1 and 1.5 feet except at MW29 where the fluctuation was approximately 3 feet. These 

30 fluctuations do not have an effect on the overall hydraulic gradient as shown on the Perched Zone I 

31 potentiometric surface contour maps in Appendix J. In addition, there are no apparent immediate 

32 effects of precipitation on perched ground water elevations in the Upper Sand Unit as shown on the 

33 rainfall/hydrograph plot for MW35 in Appendix F-3. Calculated horizonal hydraulic conductivities 

34 from rising head slug test data collected at MW26, MW29, MW31A, and P1 range between 

5 3.1 x 10·2 to 6.7 x 104 cm/s (Table 3-8). During the slug testing, the Upper Sand Unit was observed 

36 to be under predominantly confmed conditions except at MW31A and Pl. The ground water flow 
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1 rate in the Upper Sand Unit is estimated to be approximately 1.10 x 10·6 meters per day (m/day). 

2 However, this is considered to be a qualitative number since the French Drain has effected the 

3 direction of ground water flow in the Upper Sand Unit. 

4 

5 The construction and operatioual features of the French Drain were presented in Sections 2. 3 and 4.3 

6 of the 1994 Interim Action Efficacy Report (p.l1 to 17; and, p.31 to 33). The majority of perched 

7 ground water from the Upper Sand Unit flows to the middle pump station located directly east of 

8 Building 11 (Sheet 1-1). The pump station cycles on and off approximately twice daily. During on 

9 cycles, historical data indicates that the French Drain discharges perched ground water from the 

10 Upper Sand Unit and overlying Upper Till Sand Seams at a rate of 3 to 9 gpm depending on seasoual 

11 variations. The southern lift station located east of Building 14 cycles approximately once per week 

12 due to the limited flow of perched ground water in the Upper Sand Unit beneath this portion of the 

13 facility. The northern pump station located east of Building 19 was constructed in a sand lense 

14 beneath the Upper Sand Unit and after five months of operation (January through May 1988) was 

15 deactivated as described in the Interim Action Efficacy Report. 

3.4.1.3 Perched Zone II 

18 

19 As depicted on Figures 3-7 and 3-8, Perched Zone IT is present in the lower portion of the Perched 

20 Ground Water System and is characterized by 30 to 40 feet thick deposits of the Lacustrine and 

21 Lower Clay Units (including the Lower Sand Zone and Lacustrine 2 Zones situated within the Lower 

22 Clay Unit). The top of Perched Zone IT is situated between 40 and 50 feet (560 to 570 MSL) below 

23 the central and eastern portions of the facility. Beneath the southern portion of the Site, the top of 

24 Perched Zone II is located at the surface where the overlying Perched Zone I and Vadose Zone 

25 deposits have been removed. The Lacustrine and Lower Clay Units have been included in Perched 

26 Zone IT because perched ground water within these units represents both the: first ground water 

27 encountered beneath Perched Zone I (i.e. Upper Sand Unit); and, the last ground water encountered 

28 between the bottom of the Perched Ground Water System and the top of the Confined Aquifer System 

29 (or Norwood Trough Aquifer). As shown on Figure 3-7, the Perched Ground Water System is 

30 separated from the Confmed Aquifer System by the unsaturated Confining System. 

31 

32 The deposits of the Lacustrine and Lower Clay Units are more coarse beneath the central portion of 

33 the facility than beneath the southern portion. The more permeable zones within these units contain 

34 perched ground water in varying quantities depending on the spatial characteristics of the saturated 

zone. For example, the Lacustrine Unit contains laterally discontinuous seams or pods of silty sand 

> that are interbedded within the more predominant varved silt and clay lacustrine deposits. The Lower 
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1 Clay Unit contains a lense of outwash coarse sand and gravel (i.e. Lower Sand Unit) beneath the 

2 Buildjng 10 area in addition to more broadly extensive saturated silt and fine grained sand deposits 

3 beneath the fill of the former East Ravine. 

4 

5 Perched Zone II is important hydraulically because ground water within the zone flows beneath the 

6 central, eastern, and southern portions of the Site. Within Perched Zone II, ground water beneath the 

7 central and eastern portions of the facility are hydraulically connected, albeit on a limited basis as 

8 evident from hydraulic gradient tests conducted during the RI. Consequently, contaminated ground 

9 water in the Lower Clay Unit situated beneath the central portion of the facility has migrated beneath 

10 the French Drain towards the eastern property boundary. To intercept this eastward migration of 

11 contaminated ground water, interim action gradient control well P6A has been pumping ground water 

12 from Perched Zone II and discharging it to the pH/Neutralization Building since 1992. Perched 

13 ground water beneath the southern portion of the Site is restricted to thin, low-yielding, silty sand 

14 seams within the silt and clay-rich Lacustrine Unit. As discussed below, the geological characteristics 

15 of the Lacustrine Unit indicates that the hydraulic communication between the silty sand seams and 

' perched ground water beneath the central and eastern portions of the facility is limited. 

17 

18 Lacustrine Unit 

19 

20 The silt-rich Lacustrine Unit is situated in the upper portion of Perched Zone II and is present 

21 everywhere beneath the Site except below the upper portion of the former East Ravine where it was 

22 eroded away. During drilling activities, the Lacustrine Unit was easily recognizable in soil cores due 

23 to its distinct laminations (or varves) of silt. Within the SGM, the Lacustrine Unit overlies the Lower 

24 Clay Unit, and is situated beneath the Upper Till Unit, the Upper Sand Unit, or fill of the former 

25 West Ravine. The unit laterally grades to a silty fine grained sand in the central portion of the Site 

26 near the MW31 well series. Monitoring well MW31C is screened in the Lacustrine Unit beneath the 

27 central area of the facility. In all areas except the area in the immediate vicinity of MW31C, the 

28 Lacustrine Unit exhibits similar lithology and texture. This includes the area south of the property 

29 boundary where new monitoring wells were installed during the RI drilling program. Beneath the 

30 southern area of the Site, the Lacustrine Unit consists of silt and clay with a limited number of 

31 interbedded silt to very fine grained sand seams. The geologic characteristics of the Lacustrine Unit 

32 are discussed below: 

33 
34 The Lacustrine Unit can be described as a laminated, dark brown silt that is soft to medium dense. As 

15 shown on Table 3-7, samples collected from the Lacustrine Unit were predominantly classified as silt to 
> lean clay under the USCS Classification System. The laminations within the unit are ubiquitous except at 

J7 MW31C where a slightly coarser, homogenous saturated matrix prevented the preservation of the 
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1 characteristic varved bedding strucmre in soil cores. The laminations were consistently between 1 and 5 
2 millimeters (mm) in thickness in soil cores collected from the Lacustrine Unit. In some of the thicker 
3 Jantinations, an upward ftning in grain size can be seen with a hand lens. When soil cores collected from 
4 the Lacustrine Unit are split open, the lantinations are easily recognized becanse of the tendency of the core 
5 to split along the plane of each lamina. This feamre was more profound in clay-rich soil cores. A minor 
6 amount of rme grained sand to medium coarse gravel clasts were sporadically imbedded in the silt rich 
7 matrix of the Lacustrine Unit. 
8 
9 A total of 51 geotechnical samples were collected from the Lacustrine Unit. As depicted on Table 3-7 and 

10 Appendix H-1, the Lacustrine Unit consists of approximately 63% silt, 33% clay, and less than 5% sand 
11 and gravel. The unit is well sorted and homogeneous as depicted on the grain size distribution probability 
12 plots shown in Appendix H-3. In these plots, the percent clay and silt grain sizes are normally distnbnted 
13 and the percent sand and gravel are near normal. The small deviations from normality with respect to the 
14 sand and gravel grain size fractions is probably due to the occurrence of the very ftne grained sand in the 
15 vicinity of MW31C (It should be noted that selected samples from VZ204, VE402, and MW507 were 
16 divided by the project geotechnical laboratory into two samples, with analyses conducted on both the 
17 primary silt and clay-rich portion of the sample, and on thin ftne grained sand seams interbedded in the 
18. sample. The samples analyzed from the sand seams are biased samples, represenTing properties of discrete, 
19 isolated seams that are not representative of the unit as a whole. Consequently, these data points were left 
20 out of the data plots shown in Appendix H except for plot Appendix H-6). 
"l 
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The homogeneity of the Lacustrine Unit is also depicted on the three grain size gradation plots by transect 
depicted in Appendix H-4. These plots show changes in grain size distributions in the Lacustrine Unit 
along north to south and west to east transectional Jines. In all three plots, the silt and clay size fractions 
are the most dominant, and most consistent fraction in the Lacustrine Unit. The north to south transect 
(AA-AA') and the northern most west to east transect (BB-BB') reflect the increase in percent sand in the 
vicinity of MW3JC. Approximately 100 to 150 feet south of MW31, the percent sand decreases to less 
than 10%. East of MW31C, the percent sand in the Lacustrine Unit remains fairly consistent (between 10 
and 20%) but decreases to 0% beneath the eastern portion of the former East Ravine. As depicted in the 
southe=ost transect (CC-CC') in Appendix H-4, the Lacustrine Unit is predominantly silt and clay-rich 
south of the EM Science property. 

The Lacustrine Unit has a mean vertical hydraulic conductivity value of 2.5 x 10·7 cm/s as shown on Table 
3-7 and Appendix H-5. The distribution of hydraulic conductivity in the Lacustrine Unit is presented in 
Appendix H-6 and Appendix H-7. Appendix H-6 also shows the distribution of geotechnical sample depths 
within the Lacustrine Unit. As shown on the transect plots in Appendix H -7, the vertical hydraulic 
conductivities in the Lacustrine Unit are consistently between 1 x 10·7 and I x 10"' cm/s with slightly higher 
conductivities present beneath the central portion of the facility than beneath the southern portion of the 
Site. The horizontal hydraulic conductivity values from slug tests conducted at seven monitoring wells 
screened in the Lacustrine Unit are shown on Table 3-8 and Appendix H-11. These results primarily range 
between 1 x 10 .. to 1 x 10·7 cm/s which are an order of magnimde higher than the vertical conductivity 
results. It is important to consider that the horizontal values reflect flow only in a limited number of silt 
and very rme grained sand seams, and the area around MW31 C. These seams are present between the silt 
and clay-rich matrix which predominates the unit. 

The mean percent porosity, moisture content, and percent samration for the Lacustrine Unit shown on Table 
3-7 were the highest values detected in the rme grained units of the SGM (Upper Till, Lacustrine, Lower 
Clay, and Lower Till units). However, the moisture content data indicates that the unit is not satnrated and 
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therefore not a significant conduit for ground water. The porosity values are high because of the 
homogeneity of the clay and silt size grain fractions present throughout the Lacustrine Unit. It is likely that 
the effective pore size diameter is very small and thus prohibitive of ground water flow, with the majority 
of the water present as i=obile hygroscopic water held by capillary forces in the pore space (except in the 
area of MW31 and at locations of coarser grained sand seams). As shown in Appendix H-10, the increased 
porosity in the Lacustrine Unit is associated with an increase in percent saturation due to an increase in the 
amount of water which can be hygroscopically held in the smaller pores. For the majority of the Lacustrine 
Unit, a low effective porosity of the unit is supported by a decrease in hydraulic conductivity which 
corresponds to a decrease in mean grain size as depicted on the porosity versus hydraulic conductivity plot 
in Appendix H-9. Secondarily, this plot also shows a minor trend of an increase in hydraulic conductivity 
with an increase in porosity which probably corresponds to the presence of coarser Lacustrine Unit 
sediments beneath the central portion of the Site. 

The Lacustrine Unit is 10 to 20 feet thick with the thinner portions underlying the central portion of the 
facility, and the thickest portions located south of the southern property boundary. Beneath the north
central portion of the facility, the unit extends eastward beneath the French Drain where it grades into silt 
and fine grained sand of the Lower Clay Unit (Cross Section A-A'). The Lacustrine Unit is not present 
beneath the northern portion of the former East Ravine having been eroded away during the development of 
the ravine. At VE402NZ401 (located just north of the pH/Neutralization Building) which was drilled 
through the west wall of the former East Ravine, it is evident that the Lacustrine Unit outcropped along the 
wall beneath this portion of the facility before the ravine was filled. This is further confirmed by the lack 
of Lacustrine Unit deposits at VZ407 and three feet of deposits at VZ409 (located 70 and 140 feet east of 
VE402, respectively). 

The gentle increase in the thickness of the Lacustrine Unit from north to south beneath the Site is shown on 
Cross Section W-W' and Appendix G-4 and G-5. At VE310 located just south of MW3!C, the Lacustrine 
Unit is approximately 10 feet thick. At VZ511 located in the median of S.R. 562 in the southern portion of 
the Site the Lacustrine Unit is approximately 20 feet thick. West to east beneath the Site, the thickness of 
the Lacustrine Unit remains fairly uniform except beneath the northeastern portion of property where the 
unit is absent. The increase in thickness from north to south is coincident with the presence of the 
overlying Upper Sand Unit. In the north-central portion of Site, the Upper Sand Unit eroded into the top of 
the Lacustrine Unit. In the southern portion of the Site where the Upper Sand Unit is absent, the 
Lacustrine Unit is thicker. 

A concern for the Site during the scoping of the RI/FS Work Plan was the possibility of horizontal ground 
water or contaminant migration in the Lacustrine Unit downgradient from source areas (primarily to the 
south-southeast), especially in the vicinity of MW31C where coarser grained deposits in the Lacustrine Unit 
were observed. In some glacial Iitke depositional environments, seasonal melting and freezing processes 
produce what are termed "varved" deposits which consist of alternating laminations of silt and sand. 
Depending on the amount of clastic input into the depositional sening, each varve typically ranges between 
5 and 20 = in thickness and consists of a "summer" layer of relatively coarse grained sediment (silt or 
sand), and a thinner "winter" layer consisting of fmer grained sediment (clay or silt). The concern with 
varved deposits is the potential for contaminants to move horizontally through the more permeable sand 
laminations of each varve couplet, or along the bedding planes between silt and sand laminations. During 
the RI field investigation, distinct silt and sand varves were not visible in soil cores collected from the 
Lacustrine Unit. As described above, however, distinct I to 5 mm thick laminations (or varves) of silt 
were consistently observed in the cores (perhaps signifying seasonal deposition of fine grained material 
only). Consequently, the Iitke deposits of the majority of the Lacustrine Unit beneath the Site can be 
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Varved clays and silts were not observed in the coarser silt to very rme sand deposits in the vicinity of 
MW31C. However, soil samples collected in this area of the Site were typically samrated with water which 
may have caused the varves to become obscured during drilling and sample collection processes. The 
lacustrine deposits in the vicinity of MW31C represent a localized "pocket" of samrated coarser grained 
sediments within the predominantly dry silt and clay-rich varved lacustrine deposits which exist to the south 
and southeast of MW3!C. The pocket of sarnrated sediments extends from borings VZ319, VZ320, and 
MW31 C east towards MW30 where they interfmger with coarser deposits of the Lower Clay Unit beneath 
the upper portion of the former East Ravine (Cross Section A-A'). The pocket is bounded on the north, 
west and south by borings LT203, VE309, VE310, and VE311 (Sheet 1-1). The logs for these borings 
indicate that the Lacustrine Unit beneath these areas of the property consists of dry to moist varved silt and 
clay (as shown on Cross Sections A-A' and B-B'). 

The potential for horizontal contaminant migration north or south of the localized area of coarser sediments 
via the bedding planes clay-rich varves is minimal due to the silt and clay-rich namre of the varves (no 
distinct contacts between coarser and fiuer grained sediments exist within or between each varve, therefore, 
bedding planes are not sharp, but very gradational). In addition, no other pockets of samrated coarser 
lacustrine deposits were observed south of the MW31 C area. 

Another concern for the Site during the scoping of the Rl/FS was the potential for contaminants to migrate 
through discrete fine grained sand seams in the Lacustrine Unit from historical source areas located near the 
southern portion of the property (east and south sides of Building 4, Former Tank Farm, and the southern 
portion of the former West Ravine including the location of the former Spent Oleum Tank) to downgradient 
off-property areas. During the RI, several off-property wells were screened in the Lacustrine Unit north 
and south of S.R. 562 to address this data need. Consequently, the monitoring well network in the 
Lacustrine Unit is primarily concentrated in the southern portion of the· Sitec Seven existing monitoring 
wells were in place at the begimting of the Rl, MW8, MWllC, MW15B, MW19A, MW19B, MW20A, 
and MW20B (Table 2-13 and Sheet 3-1). These wells were installed during previous Site investigations and 
are screened in discrete sand seams in the Lacustrine Unit. During the present RI, MW31 C was added to 
monitor the coarser area of lacustrine deposits located beneath the central portion of the facility along with 
seven new off-property wells along S.R. 562: MW502A, MW502B, MW503, MW505A, MW505B, 
MW507, and MW508. 

Monitoring wells screened in discrete sand seams in the Lacustrine Unit located beneath the southern 
portion of the Site are shown on Sheet 3-1. The seams are typically 1 to 6 inches thick, moist to wet, and 
consist of silt to very fine grained sand. The seams are typically interdispersed in discrete I to 5-ft thick 
sandy silt zones within the Lacustrine Unit. The screens of the monitoring wells identified below are 
typically constructed across the silt zones and monitor the two or three sand seams within each zone. 
Besides these discrete sandy silt zones, the Lacustrine Unit beneath the southern portion of the Site is 
predominantly silt and clay rich, and dry. The discrete silt zones being monitored at the well locations are 
shown on Cross Section E-E' in Appendix G. 

As shown on Table 3-8, the horizontal hydraulic conductivities for the seams range between 2.8 x 10"" to 
3.2 x 10·7 crn!s. All monitoring wells listed in the above table were purged dry during every SSPL ground 
water sampling event except MW507 and MW508 as shown on Table 2-10. The well yields from the 
purged dry wells were between 3 and 6 gallons per day (gpd) during each ground water sampling event. 
These very low well yields reflect the hydraulic conductivities calculated from the slug testing program, and 
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1 indicate that the Lacustrine Unit sand seams in the southern portion of the property are not a very viable 
2 ground water resource. 
3 
4 Lower Clay Unit 

5 

6 The Lower Clay Unit is situated in the lower portion of Perched Zone II and is the lower most 

7 geologic unit within the Perched Ground Water System (Figures 3-7 and 3-8). The Lower Clay Unit 

8 is the most variable unit within the SGM. The unit differs considerably beneath the central and 

9 northeastern portions of the facility, but is more homogeneous and substantially Jess variable beneath 

10 the southern portion of the Site. In general, the unit graduates from a silt and clay-rich deposit in the 

11 southern portion of the Site, to a more coarser grained unit beneath the central portion of the 

12 property. Beneath the central portion of the property at MW31D, the discontinuous Lower Sand 

13 Zone is present within the Lower Clay Unit as a coarse outwash sand and gravel deposit. To the 

14 . west and east of MW31D, the Lower Sand Zone interfmgers with Lower Clay deposits that consist of 

15 a homogeneous mixture of coarse sand and gravel within a silt and clay rich matrix. East of VE311 

16 (located 85 feet southeast of MW31D), this coarse mixture of Lower Clay deposits extends beneath 

the French Drain and interfmgers with silt and fine grained sand deposits situated beneath the 

18 northern portion of the former East Ravine. Beneath most areas of the Site, the bottom of the Lower 

19 Clay Unit is defined by the Lacustrine 2 Zone which is a 1 to 3-ft. thick varved silt and clay deposit 

20 separating the Lower Clay Unit from the Lower Till Unit. This nearly ubiquitous lacustrine deposit 

21 was a good stratigraphic marker during the Phase IV boring program. 

22 

23 Except for the Lower Sand Zone, the Lacustrine 2 Zone, and the area beneath the northeastern part of 

24 the property, the physical character of the Lower Clay Unit is very similar to a till deposit, with a 

25 homogeneous fine grained matrix supporting coarser grained sand and gravel clasts. The difference 

26 between the Lower Clay Unit and the Upper or Lower Till units is an influx of additional coarse 

27 grained material within the fme-grained matrix, reducing the plasticity and stiffness of the unit. More 

28 coarse material is present beneath the central portion of the facility than beneath the southern portion. 

29 Rotosonic cores collected from the Lower Clay Unit below the central portion of the facility consisted 

30 primarily of sand and gravel, but were very cohesive due to the silt and clay matrix binding the 

31 coarser clasts together (the appearance of the cores in nature was similar to non-cured concrete) .. In 

32 the south, the coarser clasts typically ranged from medium sand to fine gravel in a more predominant 

33 silt and clay-rich matrix compared to the central portion where the coarser clasts ranged from coarse 

34 sand to coarse gravel in a Jess profuse fmer-grained matrix (consequently the "concrete" appearance is 

35 less apparent in Lower Clay Unit cores collected beneath the southern portion of the Site; these cores 

6 more closely resembled cores collected from the Upper and Lower Till units). 
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1 What is common about the Lower Clay Unit beneath the central and southern areas of the Site is the 

2 silt and clay matrix bonding the coarser clasts together. The presence of the silt and clay indicate that 

3 these deposits were not transported far from their source and may represent materials which slumped 

4 off of nearby glacial fronts. This depositional process resulted in a very cohesive, moist to very 

5 moist sediments where this type of Lower Clay sedimentology is present beneath the Site. In contrast 

6 to these deposits, the Lower Sand Zone is almost completely void of silt and clay; the finer-grained 

7 grain size distributions having been transported away by the localized outwash stream processes 

8 responsible for the deposition of this localized zone within the Lower Clay Unit. The Lower Sand 

9 Zone deposits were deposited by a stream channel situated much further away from the glacial front. 

10 Consequently, the Lower Sand Zone is saturated, loose, and very distinct within the Lower Clay 

11 Unit. This aspect assisted in defining the extent of the Lower Sand Zone beneath the central portion 

12 of the property. A detailed overview of the geological properties of the Lower Clay Unit is presented 

13 in the following paragraphs: 

14 
15 The central and southern portions of the property described above can be separated. by a line extending from 
16 LT106 on the west side of the property east to LT338, northeast to VZ408, and fmally to VZ409 located 

along the eastern property boundary (Figure 3-9). North of the west to east trending line, the coarser 
:> Lower Clay deposits exist along with the Lower Sand Zone (see Cross Sections A-A', B-B', C-C', W-W' 

19 and X-X'). South of the line, the Lower Clay Unit is less coarse, more silt and clay-rich, and the Lower 
20 Sand Zone is not present. In the area beneath the former East Ravine, the Lower Clay Unit north of the 
21 line predominantly consists of very moist to saturated, silt to fme grained sand deposits (Cross Sections A-
22 A', Y-Y', and Z-Z'). This area of Lower Clay Unit deposition represents a sedimentological change from 
23 the till like deposits described above, and from the Lower Sand Zone sand and gravel deposits as shown in 
24 plan view on Figure 3-9. The deposits beneath the northern part of the former ravine are homogeneous 
25 silty sands that represent the most widespread perched ground water zone beneath the Site. South of the 
26 line, the saturated silty sand deposits are not present. The Lower Clay Unit below this portion of the 
27 facility consists of the more typical till-like, silt and clay-rich Lower Clay deposits described above (Figure 
28 3-9 and Cross Section Y-Y'). The deposits south of the line are void of any saturated sediments, including 
29 the Lower Sand Zone. 
30 
31 The silty sand deposits described above represent a unique glaciofluvial depositional environment that 
32 originated north of the Site, but only affected the northeastern portion of the property. Based on the boring 
33 logs from VE402, VZ403, VZ405, and VZ409, the fluvial-type deposits are tongue-shaped in plan view and 
34 coincident with the trend of the former East Ravine (Figure 3-9). The silty sand deposits are included in 
35 the Lower Clay Unit because for the most part they are at the same elevation as the surrounding till-like 
36 Lower Clay deposits, and may be hydraulically connected to the Lower Sand Zone situated below the 
37 central portion of the facility at MW31D. The depositional processes responsible for these deposits eroded 
38 previously existing Lacustrine Unit, Lower Clay Unit, and Lower Till deposits suggesting that a more 
39 persistent higher energy depositional environment existed along the northeastern portion of the property. 
40 The erosional effects were observed in soil cores drilled at rotosonic boring VZ405 (located near the 
41 northeast comer of the property) where large diameter clasts (between 2 and 5 inches) of eroded till were 
'". observed in the silty sand deposits suggesting a localized erosion of the Lower Till Unit within a stream 

channel. The location of silty sand deposits coupled with the observance of erosional processes in soil 
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cores beneath the fill of the former East Ravine, suggests a localized, low energy fluvial environment, 

where coarser material may have been introduced into the predominantly silt and clay -rich depositional 

environment. The silty sand deposits are different from the Lower Sand Zone which consists of coarse 

sand and gravel with less silt and clay. 

As shown on Table 3-5, 38 geotechnical samples were collected from the Lower Clay Unit, four from the 

Lower Sand Zone, and five from the Lacustrine 2 Zone during the Rl. For the Lower Clay Unit, 22 of the 

samples were collected from the southern portion of the Site, 10 from the central portion, and six from the 

northeastern portion. The USCS classification for these Lower Clay samples range as follows (see Fignre 

3-9 and Table 3-5): Lean clay to gravelly silty clay with sand for the southern property samples; silt to 

silty clayey sand with gravel for the central property samples; and, silt to poorly graded sand with silt for 

samples collected from the northeastern portion of the property. Samples collected from the Lower Sand 

Zone are classified as silty sand to well graded sand with silt and those collected from the Lacnstrine 2 

Zone as lean clay to gravelly silty clay with sand (Table 3-7). As shown on Table 3-7 and Appendix H-1, 

the mean grain size for the Lower Clay Unit indicates that it consists primarily of 76% silt and sand, 7% 

gravel, and 17% clay. The bar graphs shown on Appendix H-2 illustrate the gradational relationship from 

coarser grained to finer grained south of the central portion of the facility. In contrast to the Lower Clay 

Unit, the mean grain size of the Lower Sand Zone is approximately 81% sand and gravel, and 19% silt and 

clay (Table 3-7 and Appendix H-2). The Lacusttine 2 Zone consists of approximately 87% silt and clay, 

and 13% sand and gravel (Table 3-7). 

The overall homogeneity of the Lower Clay Unit deposits are shown on the probability plots of grain size 

disttibution in Appendix H-3 (These plots and the plots presented in Appendix H-4 and Appendix H-7 

through Appendix H-10 described below include sample results from the Lower Clay Unit and the 
Lacustrine 2 Zone, but not samples from the Lower Sand Zone. The Lower Sand Zone geotechnical 
samples were non-cohesive and collected as disturbed samples thus were not used to evaluate the overall 

characteristics of the Lower Clay Unit). For percent clay, silt, and sand, the plots depict a normal 
distribution of grain size, however, for percent gravel, the plot is not normal. This is probably due to the 

reduction in percent gravel in samples collected below the northeastern portion facility where silt to fme 

grained sand deposits are prevalent in the Lower Clay Unit. 

In the Lower Clay Unit, the gradation in grain sizes on a north-south transect across the Site is depicted on 

Transect AA-AA' in Appendix H-4. The graphs on Transect AA-AA' show the relative decrease in sand 

and gravel coupled with an increase in silt and clay from the north to the south. Beneath the central and 

southern portions of the Site, the relative consistency in grain size percent in the Lower Clay Unit is 
depicted .on Transects BB-BB' and CC-CC' with higher percentages of clay and silt present along the 
southern portion of the Site. Cross Section DD-DD' from the central part of the facility (VZ320) to the 

northeast comer (VZ403) shows the silt and sand-rich nature of the Lower Clay deposits beneath the upper 

portion of the former East Ravine. 

The mean vertical hydraulic conductivity for the Lower Clay Unit is approximately 7.3 x 10 .. cm/s which is 

about an order of magnitude higher than the overlying Lacustrine Unit and underlying Lower Till Unit as 

shown on Appendix H-5. The hydraulic conductivity transects in Appendix H-7 reflect the grain size 

distributions plots described above. From north to south, the hydraulic conductivity decreases in the Lower 

Clay Unit (as the percent silt and clay increases) as shown on Transect AA-AA' in Appendix H-7. This 

decrease in vertical hydraulic conductivity is also shown on the bar graph in Appendix H-6 which is divided 

by the west to east trending line shown in Figure 3-9. This bar graph shows the distribution of geotechnical 

samples collected in the Lower Clay Unit and also includes geotechnical samples collected from the Lower 
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1 Sand Zone. Transect BB-BB' in Appendix H-7 also shows a general decrease in vertical hydraulic 
2 conductivity from the central portion of the property to the eastern property boundary as more silt and clay-
3 rich Lower Clay deposits are encountered beneath the southern portion of the former East Ravine. Transect 
4 CC-CC' indicates that the vertical hydraulic conductivity is consistently between 1 x 10·7 and 1 x JO·' cm/s 
5 in Lower Clay deposits below the southern portion of the Site which provides an effective aquiclude to any 
6 horizontal ntigration from the Lower Sand Zone, or vertical ntigration beneath contantinant source areas. 
7 
8 The plot showing porosity versus hydraulic conductivity in Appendix H -9 is very sintilar to the plot for the 
9 Lacustrine Unit indicating a low effective porosity for the Lower Clay Unit. This plot also shows a minor 

l 0 trend of an increase in vertical hydraulic conductivity with an increase in porosity which probably 
11 corresponds to the presence of coarser Lower Clay sediments beneath the northeastern portion of the Site. 
12 The plot illustrating saturation with water versus porosity in Appendix H-10 also depicts a slope similar to 
13 the Lacustrine Unit except that the data is more scattered reflecting the sedimentological differences in the 
14 Lower Clay Unit beneath the central, southern, and northeastern portions of the Site. The plot indicates 
15 that as a whole (except for the Lower Sand Zone), the Lower Clay Unit contains hygroscopic water in an 
16 unsaturated unit sintilar to the Lacustrine Unit. This is trne beneath the central and southern portions of the 
17 Site where the Lower Clay Unit is not saturated and has a silt and clay content which significantly 
18 influences the physical properties of the unit. The Lower Clay Unit beneath these two areas can be 
19 considered an aquitard, generally prohibitive of ground water flow through the unit (especially below the 
20 southern portion of the Site), except within the Lower Sand Zone. Below the northeastern portion of the 
~ t Site, the Lower Clay Unit is very moist to saturated and is not considered to be an aquitard. 

13 The Lower Clay Unit is approximately 15 to 25 feet thick beneath the Site with the thickest portion lying 
24 beneath the central portion as shown on Cross Sections W-W' and X-X' in Appendix G. The Lower Sand 
25 Zone is present in a linear trend, with the generalized boundaries depicted in Cross Sections A-A', B-B', 
26 W-W', and X-X' and 3-D colored diagrams in Appendix G-1, G-2, and G-3 in Appendix G. As shown in 
27 Cross Section A-A', the Lower Sand Zone graduates into silt and fme grain sand deposits beneath the 
28 northeastern portion of the Site. The extent of the Lower Sand Zone and its relationship with the coarser 
29 portion of the Lower Clay Unit is shown in Cross Sections B-B', C-C', and D-D'. In Cross Section B-B', 
30 the Lower Sand Zone interfingers with coarser deposits in the Lower Clay Unit west and east beneath the 
31 Site; further to south the Lower Sand Zone is absent and the coarse Lower Clay deposits become less 
32 prevalent as shown in Cross Sections C-C' and D-D'. This is also shown in plan view in Figures 3-9 and 
33 Appendix G-9. Appendix G-9 shows the surface of the Lower Sand Zone. 
34 
35 The extent of the silty fme sand deposits below the former East Ravine is shown in Cross Sections Y-Y' 
36 and Z-Z'. The deposits extend from the northern property boundary southward to a line just north of 
37 VE402 and VZ409. South of that line, the deposits interfinger with the Lacustrine Unit and more silt and 
38 clay-rich deposits of the Upper Clay Unit as shown on Cross Section Y-Y'. The surface of the silty fine 
39 sand Lower Clay deposits is tongue-shaped as shown on Figure 3-9 with MW17 and MW42 being on the 
40 eastern edge of the tongue (Cross Section Z-Z'). The western extent of the line north of VE402 is 
41 uncertain but it is quite possible that the sediments interfmger with t\le Lacustrine Unit and the Lower Sand 
42 Zone as depicted on Cross Section A-A' and the boring log for MW30. This represents a potential eastern 
43 pathway for ground water migration from the MW31C and MW31D to the area below the former East 
44 Ravine. As shown on Cross Section B-B', east-southeast ground water flow is restricted by the limited 
45 extent of the Lower Sand Zone which interfmgers with silt and clay-rich Lower Clay deposits just west of 
46 VE402. 
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Beneath the northeastern portion of the property, the Lower Clay silty fine sand deposits are overlain by fill 
of the former East Ravine, and are underlain by more silt and clay-rich Lower Clay deposits, or the Lower 
Till Unit (Cross Sections Y-Y' and Z-Z'). Five monitoring wells are screened in the silty fme sand 
deposits beneath the fill of the forme East Ravine including P6, MW17, MW41, MW42, MW44 as shown 
on Cross Sections Y-Y' and Z-Z' and Sheet 3-1. In addition, three piezometers (P7, P8, and P9) and 
interim action pumping well P6A are also screened in the silty fine sand deposits. Just south of MW17 and 
MW42, monitoring well MW43A is screened in a discrete Lower Clay sand seam which may be 
hydraulically connected to the silty fine grained sand deposits. The Lacustrine 2 Zone at the base of the 
Lower Clay Unit coarsens proximal to the Lower Sand Zone and is probably also in hydraulic 
communication with the Lower Sand Zone and the silty fine grain sand deposits at monitoring well MW30 

· located on the east side of Bnilding 19 (Cross Section A-A'). No other ground water monitoring wells are 
screened in the Upper Clay Unit except upgradient well MW26A located east of Building 7 (Sheet 3-1). 

Perched Zone II Hydrogeology 

There are essentially two separate ground water flow regimes within Perched Zone II as depicted on 

the monitoring well network map (Sheet 3-1) and the potentiometric surface contour maps for Perched 

Zone II in Appendix J. These flow regimes are situated in the upper and lower portions of Perched 

Zone II and are informally referred to as "upper" and "lower" flow regimes. The upper flow regime 

is a minor flow pattern in Perched Zone II. The flow regime is defined by monitoring wells screened 

21 in discrete sand seams situated in the upper portion of the Lacustrine Unit located beneath the 

22 southern portion of the Site (Sheet 3-1). During the SSPL ground water sampling events, the 

23 majority of these wells yielded very little water and were very slow to recharge. The ground water 

24 flow direction in the upper flow regime is primarily to the south-southeast as shown on the 

25 potentiometric surface contour maps. The hydraulic gradient is estimated to be 0.015. The average 

26 linear velocity of ground water flow in the upper flow regime is estimated to be 3.4 x 10·5 m/day, 

27 however, this value is considered to be qualitative due to the uncertainty of the horizontal hydraulic 

28 connection between the discrete lacustrine seams .. 

29 

30 The lower flow regime is defined by monitoring wells screened in the lower portion of Perched 

31 Zone II and includes wells constructed beneath the central, eastern, and southern portions of the 

32 property (Sheet 3-1). The lower flow regime is not hydraulically connected to the upper regime and 

33 is influenced by pumping well P6A, as shown on the corresponding Perched Zone II potentiometric 

34 surface contour maps in Appendix J. As discussed above, Perched Zone II beneath the central and 

35 northeastern portions of the facility consists of a complex interfmgering of dry to saturated, fine to 

36 coarse grained lacustrine, outwash, glacial slump, and glaciofluvial deposits within the Lacustrine and 

37 Lower Clay Units. Perched Zone II does not consist of laterally extensive, saturated homogeneous, 

·1 isotropic sand or sand and gravel deposits where hydraulic properties can be calculated with a high 

.:>9 level of certainty' Rather, the heterogeneous deposits vary considerably in stratigraphic, 
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1 sedimentological, and hydraulic conductivity properties resulting in more ambiguous ground water 

2 flow directions and rates in the lower flow regime. More importantly, the geological diversity 

3 prevents a quantitative analysis of the hydraulic and contaminant migration properties within Perched 

4 Zone II, especially between the central portion of the facility (where contaminant source areas exist 

5 south of Building 1 0) and the northeastern portion of the facility (where fine grained sand deposits in 

6 the Upper Clay Unit extend beneath the eastern property boundary): 

7 

8 As depicted on the potentiometric surface contour maps, the ground water flow direction in the lower 

9 flow regime is primarily to the. east-southeast. The hydraulic gradient increases significantly in the 

10 immediate vicinity of P6A reflecting the continual withdrawal of perched ground water beneath the 

11 northeastern portion of the facility. A well defined cone of depression around pumping well P6A is 

12 shown on the Perched Zone II potentiometric surface contour maps in Appendix J. As discussed in 

13 Section 2.4 of the Interim Action Efficacy Report (p.l7 to 21), perched ground water is pumped from 

14 P6A (a 4-inch diameter PVC well) to prevent the eastward migration of contaminants detected in the 

15 lower portion of Perched Zone II. The hydraulic gradient in Perched Zone II during pumping is 

'i estimated to be 0.04. The average linear velocity of ground water flow is estimated to be 

7 1.022 x 104 m/day. However, this is a very subjective value due to the diversity of the geological 

18 deposits in Perched Zone II. It is probable that a wide range of ground water flow rates occur in 

19 Perched Zone II because of the variances in horizontal and vertical hydraulic conductivities within the 

20 Lacustrine and Lower Clay Units, and because of the influence of ground water pumping and 

21 withdrawal at P6A. 

22 

23 A more detailed discussion of the monitoring well network and the hydrogeologic characteristics of 

24 Perched Zone II is presented below: 

25 

26 As shown on Sheet 3-1, 14 wells are screened in the upper and lower portions of the Lacustrine Unit 
27 situated beneath the southern portion of the Site. As described above, these wells are monitoring one or 
28 more silty sand seams discretely interbedded within varved silt and clays. These wells were constructed 
29 during previous Site investigations and the current RI to determine if contaminants are migrating from 
30 source areas beneath the southern property via perched ground water. Six of the wells are screened 
31 between 558 and 573 feet MSL (approximately 7 to 22 feet below grade) and are monitoring sand seams 
32 present in the upper portion of the Lacustrine Unit. As depicted on Sheet 3-1 and Cross Sections D-D' and 
33 E-E' in Appendix G, one of the wells is located on-property (MW-8), and five are located off-property 
34 (MW19A, MW502A, MW503, MW505A, and MW20A). The other eight wells were constructed in the 
35 lower portion of the Lacustrine Unit and are screened between 549 and 559 feet MSL. Two of the wells 
36 are located on-property (MW15B and MW24), and the rest off-property (MW19B, MW20B, MW502B, 
37 MW505B, MW507, and MW508). The screens of the Lacustrine Unit wells are 4 to 5 feet in length 
- '\ depending on the number of discrete sand seams present. 

) 
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1 During the week of June 12, 1995, MW507 and MW508 were installed in discrete sand seantS present in 
2 the lower portion of the Lacustrine Unit. The monitoring wells were constructed downgradient of 
3 MW505A and MW505B where VOCs were detected during previous SSPL sampling events. The wells 
4 were screened at the same relative elevation as MW505B (Sheet 3-1). The purpose of the additional wells 
5 was to determine if contaminants detected at MW505A and MW505B had migrated further to the south-
6 southeast. During the drilling of the stratigraphic borings at MW507 and MW508, no sand seantS were 
7 encountered in the upper portion of the Lacustrine Unit so a shallower well screened at a simiJar elevation 
8 to MW505A was not needed. It is likely that the shallower sand seantS in the Lacustrine Unit were either 
9 nantrally eroded or excavated during the construction of S.R. 562 at the MW507/MW508 well locations. 

10 
11 Just like the majority of the wells screened in the Vadose Zone, the Lacustrine Unit wells beneath the 
12 southern portion of the property yielded very low volumes of water during the SSPL quarterly ground water 
13 sampling events. As shown on Table 2-10, 12 of the 14 wells were purged dry during every SSPL 
14 sampling event demonstrating the low yield/slow recharging characteristics of the Lacustrine Unit seantS. 
15 Most of the wells only yielded 3 to 5 gallons of water before going dry which contributed to elevated 
16 ntrbidity readings during initial quarterly sampling events, and multiple days of sampling at some of the 
17 locations. One well, MW20A (located at the extreme southeastern end of the Site), could only be sampled 
18 during one of the quarterly sampling events (Phase VI) and yielded just 0.1 gallons of water before going 
19 dry. This well was dry during the majority of the RI field investigation as shown on the monthJy water 
20 elevation data table (Table 2-14). The two downgradient wells, MW507 and MW508 did not go dry during 
"1. sampling purging. These wells were only sampled once during the RI since they were constructed during 

2 the fmal phase of the field investigation (Phase VII). 
23 
24 Recharge to the Lacustrine Unit seams south of the EM Science property is believed to be mainly by 
25 infiltration since perched ground water stored in the seams was the first perched water encountered in 
26 stratigraphic pilot borings drilled at RI well locations (primarily because Upper Till Unit has been removed 
27 from this area of the Site). The total depth of the wells screened in the Lacustrine Unit ranges between 10 
28 and 27 feet below grade (Sheet 3-1). Along the southern property boundary where the Upper Till Unit is 
29 present above the Lacustrine Unit, recharge to seantS monitored by MW15B and MW24 may be from areas 
30 beneath the central portion of the facility where more permeable lacustrine deposits exist. The total depth 
31 of these two wells is approximately 54 and 58 feet, respectively. 
32 
33 The slow recharging characteristics of the Lacustrine Unit wells beneath the southern portion of the 
34 property are also shown on the monthly water elevation hydrographs presented in Appendix I-3. As shown 
35 on the hydrographs for MW502A, MW502B, MW503, MW505A, and MW505B, the water elevations in 
36 these wells fluctuated between 3 and 6 feet over the course of the RI field investigation. This large 
37 variation is attributed to the purging of the wells dry during the quarterly SSPL ground water sampling 
38 events, and then the subsequent slow recharge of the wells during the interim time between events. 
39 Monitoring wells that recharged more quickly after sampling include MW8, MW24, MW15B, MW19A, 
40 MW19B, and MW20B. The water elevations in these wells fluctuated less than 2 feet during wet and dry 
41 seasons. 
42 
43 Horizontal hydraulic conductivities calculated from rising head slug test data at six of the Lacustrine Unit 
44 wells (MW15B, MW502A, MW502B, MW503, MW505A, MW505B ) ranged between 2.88 x 10 .. to 3.2 x 
45 10·7 cm/s (Table 3-8). During the slug testing at well nests MW502A!MW502B and MW505AIMW505B, 
46 transducers were put in both wells; the well being slugged, and the well not being slugged. The upper and 
7 lower wells in both of these nests are separated by unsaturated silt and clay, therefore, the purpose of 

-t8 probing both wells was to determine if there was a response in the water elevation in the non-slugged well 
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1 during the drawdown and recovery of the slugged well. During the slug testing, the water elevation in the 
2 non-slugged wells did not change indicating that the upper and lower Lacustrine Unit sand seams beneath 
3 the southern portion of the Site are not in significant hydraulic communication. The results of this analysis, 
4 plus the relatively low horizonal hydraulic conductivities calculated from the slug tests, contribute to the 
5 low well yields observed during the sampling events. Moreover, it demonstrates the Lacustrine Unit 
6 beneath the southern property is a poor source of perched ground water. 
7 
8 The network of monitoring wells defining the lower flow regime in Perched Zone II exists exclusively 
9 beneath the central and northeastern portions of the facility. These wells are screened in much more 

10 diverse geological deposits than the Lacustrine Unit wells screened beneath the southern portion of the 
11 property (Sheet 3-1). The monitoring wells in the lower network of Perched Zone II consist of two wells 
12 screened in the Lacustrine Unit (MWllC and MW31C) and 10 wells screened in the Lower Clay Unit 
13 (Sheet 3-1). Three of the Lower Clay Unit wells MW26A, MW30 and MW31D are screened beneath the 
14 central portion of the property. The remaining six wells plus three piezometers are screened beneath the 
15 northeastern portion of the Site (MW16, MW17, MW41, MW42, MW43A, MW44, P6, P7, P8, and P9). 
16 The locations and depths of the monitoring wells are depicted in the hand drawn geological cross sections 
17 presented in Appendix G. The two Lacustrine Unit wells are screened between 558 and 567 feet MSL 
18 which is similar to the lower Lacustrine Unit wells screened beneath the southern property boundary. The 
19 Lower Clay Unit wells are screened between 537 and 561 feet MSL. 
20 
~, The majority of the screen lengths for the Lacustrine and Lower Clay Unit wells constructed in the lower 

portion of Perched Zone II are between 5 and 10 feet in length (Table 2-13). A few of the wells that are 
,3 monitoring discrete sand seams interbedded in clay-rich lacustrine strata have shorter screens (MWll C and 

24 MW30). Monitoring well MW41 and piezometer P7 which are monitoring thicker fine grained sand 
25 deposits beneath the northeastern portion of the property have screen lengths of 20 and 15 feet, 
26 respectively. PUmping well P6A also has a screen length of 20 feet as shown in Sheet 3-1. 
27 
28 During the SSPL quarterly ground water sampling events, four of the monitoring wells in the lower 
29 network purged dry every time: MW31C which is screened in the pocket of coarser lacustrine deposits 
30 beneath the central portion of the facility (Cross Section A-A' in Appendix G); MW30 which is screened in 
31 the 2 to 3 feet thick Lacustrine 2 Zone situated at the bottom of the Lower Clay Unit (Cross Section A-A'); 
32 and, MW17 and MW43A which are screened in discrete sand seams on the periphery of the tongue of fine 
33 grained sand situated beneath the northeastern portion of the facility (Cross Section Z-Z'). These wells 
34 were purged dry after 5 to 13 gallons of water were removed (Table 2-10). 1n contrast to the Lacustrine 
35 Unit wells beneath the southern portion of the Site, these wells recharged relatively quickly to where 
36 sampling could be completed in a few hours. The other monitoring wells in the lower network did not go 
37 dry during the quarterly SSPL ground water sampling events. Consequently, the turbidity values from these 
38 wells were predominantly below 25 NTUs during sampling. 
39 
40 Monthly water elevation hydrographs for the lower Perched Zone II wells are shown in Appendix 1-3. The 
41 water elevation in most of the wells follows seasonal trends and fluctuates less than 2 feet. The water 
4 2 elevation in MW30 fluctuated more due to the slower recharging characteristics of the well after well 
43 purging and sampling. The water elevation in the four wells and piezometers in closest proximity to 
44 pumping well P6A (P6, P7, P8 and P9) dropped 2 to 3 feet in August 1994. This noticeable drop was 
45 sustained through June 1995 and is atttibuted to the preventative maintenance work that was done on P6A in 
46 July 1994 as described in Section 2.4 of the Interim Action Efficacy Report (p. 20 to 21). The 

1 maintenance work consisted of removing the pump from P6A, cleaning the well screen with sodium 
8 hypochlorite, and then vigorously surging and pumping the well to remove well screen residuals. The work 
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1 was performed by a water well subcontractor to EM Science (Moody's, Inc., Dayton, Ohio). As shown on 

2 the hydrographs, the maintenance work enhanced the efficiency of P6A. 

3 
4 Horizontal hydraulic conductivities for six of the wells screened in the lower network of Perched Zone II 

5 wells (MW17, MW26A, MW30, MW31C, MW31D, and MW43A) ranged between 3.8 x 104 to 3.9 x 10-6 

6 cm/s (rising head calculations from slug test data shown on Table 3-8). The broader range of hydraulic 

7 conductivities reflects the geological diversity of Perched Zone II. Higher values of hydraulic conductivity 

8 were observed at MW26A, MW30, and MW31 D while lower values were detected at MW 17, MW31 C, 

9 and MW43A. 
10 
11 The electrical submersible pump in well P6A was put into service in July 1992. The pump constantly 

12 discharges approximately 2 to 2.5 gallons of perched ground water per minute to the pH/Neutralization 

13 Building for treatment. Historical ground water elevation hydrographs shown in Appendix I depict which 

14 wells in Perched Zone II were effected by the initiation of pumping. These included MW16, MW41, 

15 MW42, MW43A, MW44, P6 through P9, and former wells MW30 and MW31. As discussed in 

16 Section 2.5, Perched Zone II monitoring wells MW30 and MW31 located in the central portion of the 

17 facility were abandoned and replaced by a new wells during the initial portion of the RI field investigation. 

18 MW30 was replaced by a new well configured with a deeper, shorter screen length in the Lacustrine 2 

19 Zone. MW31 was replaced with MW31C and MW31D (screened in the Lacustrine Unit and Lower Sand 

20 Zone, respectively). The influence of P6A on these new wells is discussed in the next section. · 
~1. 

:. Three monitoring welis screened in Perched Zone II do not appear to have been historically affected by the 

23 pumping from P6A primarily because they were constructed outside of the more coarse Lacustrine and 

24 Lower Clay Unit deposits situated beneath the central portion of the Site. This includes: 1) MWllC which 

25 is screened in a discrete Lacustrine Unit sand seam beneath the northwestern comer of the Site; 2) MW15B 

26 which is screened in a discrete Lacustrine Unit sand seam along the eastern property boundary; and, 3) 

27 MW26A which is screened in silty sand deposits in the lower portion of the Lacustrine Unit situated 

28 beneath the western property boundary. The pumping from P6A does not appear to have had an historical 

29 effect on the ground water elevations in monitoring wells MW18 and MW23 which are screened in the 

30 backfili of the 84-inch storm sewer situated beneath the eastern property boundary (Appendix 1). This 

31 could indicate that contaminants detected at MW23 and, at the seep located inside the sewer {Sewer C), 

32 may not have entirely migrated to the storm sewer backfill from the area in the immediate vicinity of P6A, 

33 as hypothesized during previous Site investigations. The historical hydrographs also indicate that the 

34 ground water elevations in wells screened in the Upper Sand Unit (MWll, MW14, MW15, MW21A, 

35 MW25A, MW26, MW29, and MW35) have not been affected by P6A. This supports the belief that 

36 Perched Zone I and Perched Zone II are probably ouly in limited hydraulic communication beneath the 

37 central portion of the property. 
38 
39 3.4.2 Conf'ming System and Conf'med Aquifer System 
40 

41 A Confining System separates the Perched Ground Water System from the saturated Confined Aquifer 

42 System (Figures 3-7 and 3-8). The 100 to 110 feet thick Confining System is present beneath the 

43 entire Site and consists of the 10 to 30 feet thick Lower Till Unit (including the Lacustrine 3 Zone), 

44 and the 75 to 85 feet thick unsaturated deposits of the Norwood Trough Sand and Gravel Unit (i.e. 

'i Upper Non-Saturated Zone). No saturated sand seams were observed in the numerous borings drilled 

46 into the Lower Till Unit, or in four borings drilled into the Upper Non-Saturated Zone. In addition, 
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1 the mean moisture content for the 32 geotechnical samples collected from the Lower Till Unit and the 

2 Upper Non-Saturated Zone was approximately 11.2% indicating non-saturated conditions. 

3 

4 The Confined Aquifer System exists beneath the Upper Non-Saturated Zone of the Norwood Trough 

5 Sand and Gravel Unit (Figure 3-8). The Confined Aquifer System consists of the SO-ft. thick Lower 

6 Saturated Zone of the Norwood Trough Sand Gravel Unit (i.e. Norwood Trough Aquifer). Beneath 

7 the Site, the Norwood Trough Aquifer (NT A) is under confining conditions as demonstrated by a 

8 ground water elevation test at LT338. Thick sequences of shale and limestone bedrock exist beneath 

9 the NTA. The principle.hydrogeologic characteristics of the NTA were discussed in Section 3.1.2 

10 (Regional Hydrogeology) and do not need to be further assessed due to the following aspects: 1) as 

11 discussed extensively in Chapter 4 (Nature and Extent of Contamination), the extent of vertical soil 

12 and ground water contamination beneath the Site ceases in the lower portion of the Perched Ground 

13 Water System (at approximately 65 to 70 feet below the surface); and, 2) the 100 feet thick 

14 unsaturated Confining System exists between the bottom of the contamination and the top of the NTA. 

15 These aspects indicate that it is very improbable that contaminants detected below the Site will 

migrate to the NT A. Therefore, a more thorough hydrogeological characterization of the NTA 

7 beneath the Site is not warranted. 

18 

19 Lower Till Unit 

20 

21 The Lower Till Unit is situated in the upper portion of the Confining System. The unit is the basal 

22 fine-grained unit in the SGM as shown on Figure 3-7. The top of the Lower Till Unit is situated 

23 between 65 and 80 feet beneath t)le Site (530 to 545 MSL) and ranges in thickness from 12 to 31 feet 

24 (Figure 3-8). The Lower Till Unit is similar to the Upper Till Unit and the southern portion of the 

25 Lower Clay Unit in terms of physical appearance and overall geotechnical properties. An important 

26 difference between the Lower and Upper Till Units is that no sand seams were observed at any 

27 stratigraphic elevation in the Lower Till Unit during the Phase IV boring program. 

28 

29 The Lower Till Unit is very homogeneous beneath the Site and was encountered in all soil borings 

30 drilled beneath the Lower Clay Unit. During the RI drilling program, the Lower Till Unit was easily 

31 recognized in soil cores program because it was distinctly dryer, much harder, more cohesive, and 

32 contained less sand size clasts than the overlying Lower Clay Unit. In addition, the stratigraphic 

33 position of the Lower Till Unit was defined by the occurrence of two distinct silt and clay-rich 

34 lacustrine deposits, the overlying Lacustrine 2 Zone, and the underlying Lacustrine 3 Zone (which is 

i included as a zone within the Lower Till Unit). The lateral continuity of the two lacustrine zones and 

5 their relationship to the Lower Till Unit is depicted in Cross Sections A-A', B-B', W-W' and X-X' in 
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1 Appendix G. The bounding lacustrine zones allowed for verification of the identity of the Lower Till 

2 Unit and its elevation within the SGM during the drilling program. A total of 23 geotechnical 

3 samples were collected from Lower Till Unit as shown on the sample distribution graph presented in 

4 Appendix H-6. The mean vertical hydraulic conductivity in the Lower Till Unit is approximately 3.4 

5 x 10·8 crnls. A detailed analysis of the Lower Till Unit is presented below: 

6 
7 In all of the deep Vertical Extent borings drilled during the RI, soil cores collected from the Lower Till 
8 Unit were very similar in physical appearance. Geotechnical analysis of the cores confirms that the unit has 
9 very consistent physical properties beneath the Site. For example, geotechnical laboratory results indicate 

10 normal to near normal distributions of percent clay, silt, sand, and gravel as shown on the probability plots 
11 in Appendix H-3. In addition, the grain size gradation transects shown in Appendix H -4 show consistent 
12 grain size distributions beneath the Site. On the average the Lower Till Unit consist of approximately 43% 
13 silt, 29% sand, 19% clay, and 9% gravel (Table 3-7 and Appendix H-1) and is predominantly defined as a 
14 Jean clay under the USCS Classification System as shown on Table 3-5. The vertical hydraulic 
15 conductivities for the Lower Till Unit were very consistent averaging approximately 3.4 x JO·' cm/s as 
16 depicted on Table 3-7, Appendix H-5, Appendix H-6, and the transects shown in Appendix H-7. The 
17 mean hydraulic conductivity for the Lower Till Unit was the lowest value recorded amongst the SGM units 
18 as shown on Appendix H-5. 
'9 
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The homogeneity of the Lower Till Unit is also demonstrated in the porosity versus hydraulic conductivity 
plot shown in Appendix H-9. The plot shows a very small variation in these two properties in samples 
collected from the Lower Till indicating that the unit has relatively low intrinsic permeability. The mean 
porosity of the unit is 24.2% (with. a relatively low standard deviation 5.5) which is lower than the mean 
porosities for the Lower Clay and Lacustrine Units. The saturation characteristics of the Lower Till Unit 
are compared to the porosity in Appendix H-I 0, which illustrates a decrease in saturation with increase in 
porosity. Due to the fine-grained impermeable nature of the unit, and the small size of the pores, most of 
the water within the Lower Till Unit is considered immobile hygroscopic water held by capillary forces in 
the pores. 

The Lower Till Unit is present beneath the entire Site as shown on the Cross Sections presented in 
Appendix G. The surface of the Lower Till Unit slopes from northwest to southeast with a noticeable 
depression in the surface of the Lower Till below the southeastern portion of the property (Figure 3-10). 
The changes in elevation of the surface of the Lower Till Unit, however, do not reflect a corresponding 
change in thickness. For example, the Lower Till Unit was 31 feet thick at LT338, VE316, and VZ409 
located in the center, southern, and eastern portions of the property, respectively (Fignre 3-10). Beneath 
the lower portion of the former West Ravine, the Lower Till Unit was 15 feet thick at VE315 and at least 
11 feet thick at MW19C. Near the MW31 well series located south of Building 10, the Lower Till Unit 
ranged between 12 and 19 feet thick at LT203, VE309, VZ319, and VZ320, and a minimum of 9 to 13 feet 
thick at VE3!0, VE311, and VE312 as shown on Figure 3-10 (these three borings were only drilled into the 
top portion of the Lower Till Unit). Along the western property boundary the Lower Till Unit was 20 feet 
thick at LT106. Below the northeast comer of the property, five borings were also drilled into the top of 
the Lower Till Unit; four during previous investigations (B38, B39, MW42, and MW44) and one during the 
current RI (VZ405). These four horings encountered at least 5 to 11 feet of the Lower Till Unit. 
Similarly, at least 6 feet of Lower Till were encountered at three borings drilled in the southern portion of 
the Site during the Rl (VZ512, MW507, and MW508) as shown on Fignre 3-10. 
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1 No visibly discernible fractures were observed in the 4-inch diameter rotosonic cores, or 2-inch diameter 
2 split-tubes collected from the Lower Till Unit during the Rl drilling program as shown on the boring logs 
3 presented in Appendix A. In addition, there is no reference to fractures on geological logs for the soil 
4 borings drilled into the Lower Till Unit during previous investigations (the logs are also presented in 

5 · Appendix A). If fractures are present in till deposits, they most often occur in the upper weathered zone of 
6 the deposit as a result of geochemical effects or desiccation (Keller et al., 1986). Fracture traces in 
7 weathered wnes are typically associated with localized areas of oxidized soil and are often visible as 
8 vertical shaped tubes filled with calcite or magnesium (Simpkins and Bradbury, 1992). None of these 

9 features were observed in the Lower Till Unit; no distinct weathered wne was observed in the upper 
10 portion of the Lower Till Unit like there was in the Upper Till Unit. The Lower Till was a consistent dark 
11 gray color at all boring locations. 
12 
13 In addition to weathering processes, stress changes related to deglaciation or sediment loading have been 

14 suggested as possible causes of fracturing in unweathered tills (Grisak et al., 1976). However, in the 
15 absence of visible fractures in soil cores drilled into the Lower Till Unit, in combination with the 
16 consistently low vertical hydraulic conductivity results, the potential of an extensive fracture network in the 
17 Lower Till Unit is low. Besides visual verification and initial vertical hydraulic conductivity testing, an 
18 assessment of till matrix permeability versus bulk till permeability (through slug testing and more 

19 comprehensive geotechnical laboratory analyses and evaluation) is the only other mechanism to detertnine if 
20 an extensive fracture permeability exists within till deposits (Keller et al., 1986). -, 

}. The only monitoring well screened in the Lower Till Unit is MW19C which is located along S.R. 562 near 
3 Sump-562 (Sheet 3-l). The well is screened near the bottom of the Lower Till Unit in lacustrine deposits 

24 associated with the Lacustrine 3 Zone (Cross Section E-E' in Appendix G). The well was installed in 1985 
25 during a previous Site investigation and, according to monthly water elevation records collected before and 
26 during the current RI, MW19C has always been dry. 
27 
28 Norwood Trough Sand and Gravel Unit 
29 

30 The Norwood Trough Sand and Gravel Unit is present at the base of the Lower Till Unit as shown in 

31 Figure 3-8 and Cross Sections A-A' and X-X'. The top portion of the unit consists of 70 to 90 feet 

32 of unsaturated silt, sand, and gravel deposits of the Upper Non-Saturated Zone (Figure 3-7). The 

33 Upper Non-Saturated Zone separates the Lower Till Unit from the saturated portion of the Norwood 

34 Trough Sand and Gravel Unit (Lower Saturated Zone). As discussed above, the Lower Till Unit and 

35 the Upper Non-Saturated Zone comprise the Confining System which separates the Lower Saturated 

36 Zone (or Confined Aquifer System) from the Perched Ground Water System. During the RI, two 

37 borings were drilled through the Upper Non-Saturated Zone and into the Lower Saturated Zone; 

38 LT1061ocated on the west side of the property, and LT3381ocated in the central portion (Sheet 1-1 

39 and Cross Section C-C'). In addition, LT203, VE309, VE316, and VZ409 were drilled between 3 

40 and 30 feet into the top portion of the Upper Non-Saturated Zone (Cross Sections B-B' and D-D'). 

41 Borings drilled beneath the Site indicate that the top of the Upper Non-Saturated Zone is 

?. approximately 90 to 110 feet below the surface (520 to 500 feet MSL); the top of the Lower Saturated 

3 Zone is at approximately 172 feet (438 feet MSL) below ground (Figure 3-7). The geological 
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1 characteristics of the Norwood Trough Sand and Gravel Unit are discussed below: 

2 
3 The Upper Non-Saturated Zone is a partially cemented, dry, silt to fme-to medium grained sand deposit. 

4 During the implementation of the drilling program, the occurrence of the Upper Non-Saturated Zone 
5 material was evident by the encountering of very hard, coherent silt and sand deposits beneath the clay-rich 

6 Lower Till Unit. Drilling through the upper non-saturated zone was much more rigorous and slower than 
7 drilling through the overlying silt and clay deposits of the perched ground water system. Due to the 
8 hardness of the sand deposits, it was anticipated that well preserved soil cores would be retrieved from 

9 borings drilled into the Upper Non-Saturated Zone. However, the core samples collected were generally 
10 pulverized into dry clods of silt sand due the intensity of the rotosonic drilling action. In the limited 

11 number of core fragments which survived intact, however, it appeared that the sand grains were affixed by 
12 digenetic cementation (which may have resulted in the cohesiveness of the zone). This cementation, 
13 combined with the silt and clay-rich character of the Lower Till Unit and the Perched Ground Water System 
14 situated above the Upper Non-Saturated Zone, are responsible for the confined nature of the Lower 

15 Saturated Zone. 
16 
17 The Upper Non-Saturated Zone is very homogeneous with no evidence of saturated outwash sands or till 
18 deposits. Some thin (2 to 3 feet thick) silty clay lenses are present in the upper portion of the zone. For 
19 example, a 1-ft. mottled clay was present at the top of the zone at boring VZ409 and was interpreted to be 
'>0 a paleosol. At LT106, two dry, very fme-grained silt lenses, interpreted as loess, were observed at depths 

of 125 and 138 feet below the surface. In addition, wood fragments and other organic matter were 
L2 observed at various intervals within the sand-rich strata of the Upper Non-Saturated Zone. 
23 
24 Ten geotechnical samples were collected from the Upper Non-Saturated Zone during the Rl. As shown on 
25 Table 3-5, the Upper Non-Saturated Zone is defmed as a poorly sorted silty sand under the USCS 
26 Classification System. The zone consists of approximately 70% sand, 22% silt, 7% clay, and 1% gravel as 

27 shown on Table 3-7 and Appendix H-1. The mean porosity of the zone is 36% and the mean vertical 
28 hydraulic conductivity is approximately 1.4 x 104 cm/s. The mean moisture content of the zone is about 
29 11.3% which is comparable to the moisture content of the Lower Till Unit (11.2%). In addition, the mean 
30 percent saturation is approximately 33%. The mean moisture content and the mean percent saturation were 
31 the lowest values detected in the SGM (except for the Lower Till Unit) demonstrating the overall dryness of 
32 the Upper Non-Saturated Zone. This is also reflected in the plot of saturation versus porosity in Appendix 

33 H-10 which depicts the percent saturation decreasing as porosity increases in samples collected from the 
34 Upper Non-Saturated Zone. Due to the fact that the majority of the geotechnical samples collected from the 

35 Upper Non-Saturated Zone were recompacted, plus the effects of cementation on the sands, the porosity and 
36 hydraulic conductivity values are considered to be qualitative. 
37 
38 Boring LT106 and LT338 were the ouly two borings advanced into the very top portion (5 to 10 feet) of the 
39 Lower Saturated Zone. The deposits of this zone were saturated, less cohesive, and more coarse than the 
40 Upper Non-Saturated Zone (just two geotechnical samples were collected from the Lower Saturated Zone, 
41 consequently, the geotechnical properties of the Lower Saturated Zoile are not addressed). The Lower 

42 Saturated Zone (or Norwood Trough Aquifer) is a confmed aquifer based on the potentiometric surface 
43 measured in LT338 after the ground water elevation in the boring had been allowed to equilibrate for 12 
44 hours (as discussed in detail in Section 2.5). After completion of LT338, the water elevation was iuitially 
45 measured at a depth of 137.85 feet below the surface. An electric ground water pump was placed into the 
"<5 base of the borehole, and used to pump out llO gallons of water (more than 10 times the amount of water 

7 iuitially present in the borehole upon completion of drilling). 
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1 After pumping, the water level was measured at 151.7 feet below the surface. After the boring was 
2 allowed to sit overnight to allow the water level to equilibrate, the static water level was measured at 
3 145.34 feet (464.66 feet MSL) below ground surface. This elevation is considered to be the potentiometric 
4 surface of the Norwood Trough Aquifer beneath the Site indicating that the aquifer is confined by the 
5 overlying units of the SGM. This is comparable to the static water level in an out of service City of 
6 Norwood municipal well located 3,600 feet southwest of the EM Science facility. On March 31, 1994, The 
7 Payne Firm measured the static water level in the well at 165.5 feet below grade, or 463.5 feet MSL (the 
8 surface elevation of the municipal well is approximately 629 feet MSL). 
9 

10 3.4.3 Summary of Site Geological Model 
11 

12 As demonstrated above, the SGM consists of a Perched Ground Water System, a less permeable 

13 Confining System, and a saturated Confmed Aquifer System (or Norwood Trough Aquifer). The 

14 Perched Ground Water System consists of a diverse array of geological deposits that consist of a 

15 predominantly unsaturated Vadose Zone, a saturated Perched Zone I (or Upper Sand Unit), and a 

16 non-saturated to saturated Perched Zone II. The Perched Ground Water System is separated from the 

17 Norwood Trough Aquifer by the non-saturated and relatively impermeable Confined System. These 

18 three hydrostratigraphic systems within the SGM are sununarized below: 

J 
~0 Perched Ground Water System 
21 
22 Vadose Zone--The Vadose Zone consists of the upper 30 to 40 feet of fill and glacial overburden 
23 including deposits of the Upper Till Unit and the fill of the former West and East Ravines. The 
24 Vadose Zone is predominantly unsaturated except for: 1) erratically distributed seams and lenses 
25 of sand within the glacial overburden which contain perched ground water (i.e. Upper Till Sand 
26 Seams); 2) perched ground water situated at the bottom of the former West Ravine at the contact 
27 between fill and the less permeable Upper Till or Lacustrine Units; and, 3) shallow ground water 
28 that has infiltrated or migrated to more permeable backfill materials associated with buried storm 
29 sewers beneath the Site (e.g. the 84-inch storm water beneath the former East Ravine; the 27-inch 
30 storm sewer extending from the Sump-562 to the southern portion of the Site). 
31 
32 In contrast to the West Ravine, perched ground water is less prevalent at the contact between the 
33 fill of the former East Ravine and the underlying Lower Clay Unit. Beneath the northeastern 
34 portion of the facility, the East Ravine fill sits on permeable saturated silt and fine grained 
35 deposits compared to the impermeable silt and clay deposits of the Upper Till and Lacustrine 
36 Units beneath the fill of the West Ravine. Contaminant sources exist in the Vadose Zone either 
37 as fill material or soil impacted by chemical spills or releases. 
38 
39 Perched Zones I and II-Underlying the Vadose Zone are 30 to 40 feet thick of deposits of the 
40 Upper Sand, Lacustrine, and the Lower Clay Units (including the Lower Sand Zone and 
41 Lacustrine 2 Zones situated within the Lower Clay Unit; Figure 3-8). These glacially derived 
~ deposits comprise Perched Zones I and II within the Perched Ground Water System. Perched 
3 Zone I and II, deposits consist primarily of silt and clay which contain lenses of outWash coarse 
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sand and gravel deposits (i.e. Upper Sand Unit and Lower Sand Unit) that vary in horizontal 
distribution; and, laterally discontinuous seams or pods of silty sand that are interbedded in 
varved silt and clay lacustrine deposits. The more broadly extensive silt and fine grained sand 
deposits located below the fill of the former East Ravine are also included in the Perched Ground 
Water System. These more permeable zones within the SGM contain perched ground water in 
varying quantities depending on the spatial characteristics of the saturated zone. Quantities 
beneath the southern portion of the Site are much Jess than beneath the central portion. The low 
permeability of the clays and silts which dominate the Perched Ground Water System behave as 
an aquitard that can store perched ground water but transmit it slowly from one porous saturated 
zone to another. Flow directions in the perched ground water system are artificially controlled by 
the French Drain and P6A interim actions. 

Confining System 

Beneath the Perched Ground Water System is a Confining System which is situated above the 
Norwood Trough Aquifer. The Confining System is approximately 100 to 110 feet thick and consists 
the Lower Till Unit (including the Lacustrine 3 Zone), and the unsaturated deposits of the Norwood 
Trough Sand and Gravel Unit (i.e. Upper Non-Saturated Zone). No saturated sand seams or pockets 
were observed in the numerous borings drilled into the Lower Till Unit, or in four borings drilled 
into the Upper Non-Saturated Zone. The Lower Till Unit is situated between 65 and 80 feet below the 

Site and is present beneath the entire Site. The dense, homogenous unit ranges between 12 and 31 
feet thick. The hydraulic conductivity values in the Lower Till Unit typically ranged between 1 x JO·' 
and 1 x 10·• cm/s which were the lowest values observed in the SGM. The mean moisture content 

for the 32 samples collected from the Confining System was approximately 11.2% indicating non
saturated conditions. 

Confmed Aquifer System 

The 50-ft. thick Lower Saturated Zone of the Norwood Trough Sand Gravel Unit (i.e. Norwood 
Trough Aquifer or Confined Aquifer System) exists beneath the Confming System. Beneath the Site, 
the Norwood Trough Aquifer (NTA) is under confining conditions as demonstrated by the ground 
water elevation test at LT338. Thick sequences of shale and limestone bedrock exist beneath the 
NT A. The 100 feet thick unsaturated Confining System between the bottom of the Perched Ground 
Water System and the top of the NT A indicate that it is very improbable that contaminants detected 
below the Site will migrate to the NT A. 

37 3.4.4 Depositional History of the Site Geological Model 

38 

39 The depositional history of the SGM within the regional geological setting is depicted schematically 

40 on the block diagrams presented in Figures 3-11 through 3-14. These diagrams were constructed 

41 from the geological and geotechnical data presented above, and from the information and literature 

"2 references presented in Section 3.1.2 (Regional Hydrogeology). The diagrams are numbered from 

43 older Pleistocene time to younger and assist in sununarizing the geological characteristics of the SGM 
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Figure 3-11 shows the initial filling of the Norwood Trough by deposits of the Norwood Trough Saud and 
Gravel Unit, Lacustrine 3 Zone, and the Lower Till Unit. The Lower Till Unit represents a glacial 
advance into the valley of the Norwood Trough. After glacial retreat, a widespread lake traversed the 
sediments at the bottom of the Norwood Trough and was responsible for the Lacustrine 2 Zone deposits 
situated between the Lower Till Unit and the Lower Clay Unit. 

During a subsequent glacial advance/retreat cycle, sediments derived from glacier slumping and run-off 
were deposited in the Norwood Trough (Figure 3-12). This setting resnited in the deposition of the Lower 
Clay Unit which consists of a mixture very poorly sorted saud and gravel clasts within a silt and clay 
matrix. The physical properties of the Lower Clay Unit indicates that it was probably deposited in close 
proximity to the glacial face. During au episode of glacial retreat, a localized outwash stream cut through 
the central portion of the Site and deposited the coarse saud and gravel of the Lower Sand Zone within the 
mixed sediments of the Lower Clay Unit. 

During a more regional glacial advance that did not cover the Norwood Trough, another widespread lake 
formed in the Norwood Trough Valley and was responsible for the silt and clay-rich deposits of the 
Lacustrine Unit (Figure 3-13). The lake was dammed on both ends of the Norwood Trough by advancing 
Harrison and Clermont Lobe ice-sheets resulting in a relatively quiet and isolated depositional environment. 
This resulted in the thick, homogeneous varved silt and clay deposits of the Lacustrine Unit. At some point 
during the waning stages of the lacustrine setting (perhaps after shoreline retreat from the central portion of 
the Norwood Trough), a glaciofluvial or glaciolacustrine depositional event cut through the northeast comer 
of the Site and completely eroded away the Lacustrine Unit and the top portion of the Lower Clay Unit. 
This resulted in the silty fine grained sand deposits situated beneath the fill of the former East Ravine. The 
source of the silty sand deposits may have been run-off from a glacial front located along the northern 
valley wall of the Norwood Trough (Figure 3-13). Based on the grain size characteristics of the deposits, 
the run-off was only able to carry a fine grained sediment load that may have intermingled with the 
shoreline of the lake in a small-scale glacial deltaic depositional setting. 

During the last glacial advance into the Norwood Trough, the Upper Sand Unit and the Upper Till Unit 
were deposited. The high energy outwash sand and gravel deposits of the Upper Sand Unit represent run
off in front of the ice sheet that cut through the central portion of the Site. After glacial retreat, the surface 
of the Norwood Trough was eroded by localized small-scale streams which created drainage ravines in the 
upper 20 to 50 feet of soil (Figure 3-14). 1n the vicinity of the Site, the drainage channel associated with 
the former West Ravine eroded through Upper Till, Upper Sand, and Lacustrine Unit deposits. Likewise, 
the drainage channel at the bottom of the former East Ravine cut through Upper Till, Upper Sand, and 
Lower Clay Unit deposits leaving the outwash deposits of the Upper Sand Unit hanging along the west wall 
of the ravine. 

3.5 Potential Contaminant Migration Routes 

The geologic and hydrogeologic characteristics of the Site Geological Model (SGM) were well 

documented in Section 3.4. On a macroscopic scale, stratigraphic heterogeneities within the Perched 

Ground Water System situated in the upper portion of the SGM primarily influence the direction of 

contaminant migration through the SGM. The geological cross sections and potentiometric surface 
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1 contour maps presented in the previous two sections give an overall perspective of the potential 

2 horizontal and vertical contaminant migration routes through the Perched Ground Water System. 

3 More importantly, they defme potential migration routes out of the system. On a microscopic scale, 

4 spatial variations of geologic properties (e.g. grain size, porosity, percent moisture and saturation) 

5 and vertical and horizontal hydraulic conductivities have more of an affect on contaminant migration 

6 rates. The documented spatial variations of these parameters within the Lacustrine and Lower Clay 

7 Units beneath the central and northeastern portions of the Site restricts the ability to quantitatively 

8 define the rate at which contaminants are moving through the Perched Ground Water System. As will 

9 be shown below and in Chapter 4, however, a quantitative analysis is not needed because: 1) the 

10 vertical movement of contaminants below the Perched Ground Water System is impeded by the silt 

11 and clay-rich geology of the system, and the presence of the underlying non-saturated Confining 

12 System; 2) ground water contaminants migrating through the Perched Ground Water System are being 

13 captured by in place, effective, interim actions; and, 3) there are very limited vertical or horizontal 

14 contaminant routes out of the Perched Ground Water System. 

15 

The purpose of this section, therefore, is to review the potential migration routes within the Perched 

17 Ground Water System. This review will augment the discussions of the nature and extent of 

18 contamination presented in Chapter 4, and the fate and transport of contaminants presented in 

19 Chapter 5, and begin to demonstrate that a quantitative analyses of contaminant migration rates is not 

20 needed to satisfy the objectives of the RI. With a good understanding of the potential migration 

21 routes, the reviewer should start to realize when reading Chapters 4 and 5 the following aspects: 

22 
23 Vertical contaminant migration within the SGM is limited by the silt and clay rich nature of the 
24 Upper Till, Lacustrine, Lower Clay, and Lower Till Units. The geotechnical properties of these 
25 units have assisted in impeding the widespread vertical migration of contaminants from on-
26 property source areas. The ubiquitous thickness characteristics and homogeneous nature of the 
27 Lower Till Unit, in combination with the unsaturated properties of the Non-Saturated Zone of the 
28 Norwood Trough Aquifer, effectively limit the vertical migration capabilities of contaminants 
29 detected within the Perched Ground Water System. No contaminants detected beneath the Site 
30 have reached the Confining System or the Confined Aquifer System. 
31 
32 Horizontal contaminant migration within the Perched Ground Water System is primarily restricted 
33 to: 1) man-made conduits within the Vadose Zone; 2) the Upper Sand Unit in Perched Zone I 
34 where migrating contaminants are captured by the French Drain; and, 3) the central and southern 
35 areas of Perched Zone II. The horizontal migration of contaminants beneath the central portion of 
36 the Site in Perched Zone II is restricted by pumping well P6A. Beneath the southern portion of 
37 the Site, migration is restricted by the limited hydraulic capabilities of the discrete silty sand 
'13 seams within the Lacustrine Unit. In the Vadose Zone, Sump-562 captures perched ground water 

_,9 flowing from, the Outfall and from the Seep-562. The ouly other routes of migration in the 
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1 Vadose Zone include the backfill around the 27-inch and 84-inch storm sewers, and the seep at 
2 Sewer C in the 84-inch storm sewer. These routes are severely limited, however, by the low 
3 availability of perched ground water and the lateral extent of the sewer lines (Sheet 1-1). As 
4 discussed in Section 3.2.1 (Topography and Surface Water), the flow rate at Sewer C was 
5 measured at less than 0.08 gpm during the RI. During every quarterly SSPL sampling event, 
6 MW504 (which is screened in the backfill of the 27-inch storm sewer) was purged dry after less 
7 than 0.5 gallons of water were removed. 
8 

9 Due to the geological characteristics of the Perched Ground Water System and the existing interim 

10 actions, no widespread perched ground water plume is migrating off-Site, nor is there vertical 

11 migration of contaminants to the Norwood Trough Aquifer. Therefore, the important factor with 

12 regard to the SGM is that the overall contaminant migration routes within the Perched Ground Water 

13 System be well defined, and that a qualitative assessment of horizontal and vertical contaminant 

14 migration rates be made. The former is discussed below and the latter is discussed in Chapter 5. 

15 

16 3.5.1 Potential Vertical Covtaminant Migration Routes 

17 

Vertical contaminant migration from source areas located outside of the former West and East 

>9 Ravines would be through the silt and clay-rich deposits of the Vadose Zone until a saturated sand 

20 seam or the Upper Sand Unit (Perched Zone I) is encountered (where the route of migration then 

21 becomes primarily horizontal). Currently, surface water infiltration has much less of an influence on 

22 migration than in the past due to the widespread occurrence of buildings and pavement across the 

23 property. Southwest of Building 4 where the Upper Sand Unit is less than a few feet thick and Upper 

24 Till Sand Seams occur less frequently, contaminants potentially migrating through the Vadose Zone 

25 are further impeded by a 60 to 65 feet thick sequence of homogeneous silt and clay deposits of the 

26 Lacustrine, Lower Clay, and Lower Till Units, in addition to the dry, hard, lithified deposits of the 

27 Upper Non-Saturated Zone of the Norwood Trough Sand and Gravel Unit (which are approximately 

28 75 to 85 feet thick beneath the Site). 

29 

30 Beneath the central portion of the facility south of Building 10, the potential for vertical migration 

31 beneath the Vadose Zone is greater due to the presence of two permeable saturated zones (Upper 

32 Sand Unit and the Lower Sand Zone) separated by coarser grained jacustrine deposits (Cross Section 

33 A-A' in Appendix G). Beneath the Lower Sand Zone, however, lie 14 to 19 feet of the Lower Till 

34 Unit followed by the Upper Non-Saturated Zone. Beneath the central portion of the facility, these 

35 two units of the Confining System provide a 100-ft. barrier to vertical migration above the Norwood 

~6 Trough Aquifer (i.e., Lower Saturated Zone of the Norwood Trough Sand and Gravel Unit). 
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1 Beneath the upper two-thirds of the former West Ravine, the potential for vertical migration through 

2 the fill is limited by the lack of infiltration seeping into fill. In the lower portion of the ravine, 

3 infiltration may be factor where pavement is absent east of Building 4 and at the mouth of the ravine. 

4 Vertical migration through the fill would continue until the base of the fill is reached and perched 

5 ground flowing along the contact between the fill and Upper Till or Lacustrine Units transports 

6 contamination horizontally. The potential for vertical migration of contaminants within the fill of the 

7 former East Ravine is also limited by the presence of pavement over the northeastern portion of the 

8 facility. Vertical migration through the fill would continue to the backfill of the 84-inch storm sewer 

9 located at the base ofthe ravine. Perched ground water within the fill would then transport 

10 contamination horizontally. 

11 

12 3.5.2 Potential Horizonal Contaminant Migration Routes 

13 

14 As demonstrated in Section 3.4, the mass balance of perched ground water flow through the Perched 

15 Ground Water System has a component of flow onto the Site beneath the northern and western 

\ property boundaries, and flow out of the system along the southern and eastern property boundaries. 

17 These flow aspects qualitatively define contaminant migration routes via perched ground water within 

18 the Perched Ground Water System. Perched ground water flows onto the Site from the following 

19 conduits: 

20 
21 Beneath the northeastern property boundary within the backfill of the 84-inch storm sewer 
22 (Vadose Zone). 
23 
24 Beneath the western property boundary in Upper Till Sand Seams (Vadose Zone). 
25 
26 Beneath the western and northern property boundaries within the Upper Sand Unit (Perched 
27 Zone I). 
28 
29 Beneath the western, north-central, and northeastern property boundaries within deposits of the 
30 Lacustrine Unit, the Lower Sand Zone, and fined grained sand deposits located beneath the 
31 former East Ravine (Perched Zone II). 
32 

33 The potential perched ground water/contaminant discharge points O!lt of the SGM (i.e. within the. 

34 Perched Ground Water System) include the following: 

35 
36 The Outfall and Seep-562 located at the mouth of the former West Ravine. Perched ground water 
37 emanating from these locations is derived from on-property West Ravine fill, and water that flows 

g into the fill from surface infiltration, Upper Till Sand Seams, and the Upper Sand Unit. Ground 
J9 water discharged at the Outfall and Seep-562 is funneled to Sump-562 and pumped back on-
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1 property to the pH/Neutralization Building for treatment (Vadose Zone). During intense 
2 precipitation events, a portion of the discharge may overflow the sump where it is directed to the 
3 27-inch storm sewer. 
4 
5 The backfill to the 27-inch storm sewer that extends beneath S.R. 562 from Sump-562 (Vadose 
6 Zone). 
7 
8 The backfill of the 84-inch storm sewer that extends beneath the eastern property boundary 
9 including the seep into the sewer at sampling location Sewer C (Vadose Zone). 

10 
11 The portion of the Upper Sand Unit that extends beneath the eastern property boundary before it 
12 terminates along the western wall of the former East Ravine. Recharge to this area has been 
13 mitigated by the French Drain interim action (Perched Zone I). 
14 
15 Beneath the eastern property boundary within the fme grained sand deposits located in the upper 
16 portion of the Lower Clay Unit. The hydraulic gradient and potential contaminant migration 
17 routes within these deposits are being controlled by the P6A interim action pumping well (Perched 
18 Zone II). 
19 

Beneath the southern property boundary in thin, discrete sand seams within the upper and lower 
1 portions of the Lacustrine Unit. Monitoring wells screened in the seams yielded very low 

1.2 volumes of water and were slow to recharge during the Rl field investigation (Perched Zone IT). 
23 
24 Beneath the southern and southeastern property boundaries in unidentified thin, cropped out sand 
25 seams in the Upper Till Unit. During the quarterly SSPL sampling events during the Rl, 
26 inspections for visible perched ground water seeps were conducted along the engineered cut slope 
27 south of the property, and the concrete embankment located just east of Sump-562. Besides Seep-
28 562, no other visible seems were observed during the Rl. 
29 

30 Besides the identification of the potential horizontal migration routes out of the Perched Ground Water 

31 System, it is important to identify potential preferred routes of migration within the system. As 

32 pointed out above, the potential routes within the Vadose Zone and Perched Zone I are fairly well 

33 defined. In Perched Zone IT, potential horizontal contaminant migration routes are defined by the 

34 more permeable deposits within the Lacustrine and Lower Clay Units beneath the central and 

35 northeastern portions of the facility. These more permeable deposits are depicted by hatching on 

36 Cross Sections A-A', B-B', C-C', X-X', Y-Y', and Z-Z' in Appendix G. As discussed in Section 

37 3.4, these deposits within the Lacustrine and Lower Clay Units are.quite variable ranging from silty 

38 clay, to silty sand, to coarse sand and gravel, to gravelly silt and clay, to fine grained sand. The 

39 saturation level of these deposits also varies as the grain size of the deposits increases. Although it is 

40 intuitive from the cross sections that a preferential horizonal migration pathways exists from the area 

south of the Building 10 to the eastern property boundary, the rate at which contaminants are 
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1 migrating is difficult to assess due to the heterogeneity of the deposits (As discussed in Section 3.3--

2 Development of Site Geological Model, 11 large-scale cross sections showing the intricate details of 

3 the geology beneath the Site were constructed before the aforementioned, more simplified cross 

4 sections presented in Appendix G were developed. The more detailed cross sections were very 

5 helpful in identifying the more permeable zones within the Lacustrine and Lower Clay Units beneath 

6 the central portion of the Site, as shown by the generalized hatching in the simplified sections). 

7 

8 As shown on the monthly water level data table (Table 2-14), a downward vertical gradient is present 

9 withln the Perched Ground Water System. For example, a comparison of the water elevations in 

10 wells MW21/MW21A, MW31BIMW31A/MW31C/MW31D, MW25/MW25A, and MW26/MW26A, 

11 MW502A/MW502B indicates a downward vertical hydraulic gradient at these locations. However, 

12 variations of hydraulic head in the vertical can be neglected in the Perched Ground Water System 

13 below the Site because: 1) the perched zones tend to be very thin in the vertical relative to their 

14 larger horizontal dimensions; and, 2) perched sand seams and lenses within the perched zones are 

15 separated by less permeable fmer grained deposits with low moisture contents. Consequently, ground 

'i water flow within the Perched Ground Water System is predominantly horizontal except in the 

17 immediate vicinity of the French Drain or P6A pumping well where some vertical flow occurs due to 

18 the drainage and withdrawal effects associated with these interim actions. 

19 

20 To further defme the potential horizontal contaminant migration paths in Perched Zone II, a hydraulic 

21 gradient test was conducted during the RI. The objectives and methodologies associated with the test 

22 were discussed in detail in Chapter 2. The primary objectives were to: 1) establish the hydraulic 

23 gradient in Perched Zone II during non-pumping conditions at P6A; 2) determine the degree of 

24 hydraulic connection between the Lower Sand Zone located beneath the central portion of the facility, 

25 and the fme grained sand deposits located beneath the northeastern portion of the Site; and, 3) further 

26 evaluate if there is an off-property pumping source affecting the eastern and northern portions of the 

27 property as surmised during a 1989 pump test at the facility. 

28 

29 As described in Chapter 2, data loggers and pressure transducers were utilized to continually monitor 

30 any changes in water elevations during the duration of the hydraulic gradient test. Nine of the Perched 

31 Zone II wells used in the hydraulic gradient test are screened in fme grained silty sands located in the 

32 upper portion of the Lower Clay Unit deposits which exist beneath the northeastern portion of the Site 

33 (MW16, MW17, MW41, MW42, MW43A, MW44, P6, P7, P9). Two wells screened in the 

34 Lacustrine Unit were monitored, MW15B (screened in a discrete sand seam east of Building 14), and 

'5 MW31C (screened in the pocket of coarser lacustrine deposits situated beneath the area south of 

36 Building 10). One well screened in the Lacustrine 2 Zone was monitored (MW30), as was one well 
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1 screened in the Lower Sand Zone (MW31D; located directly below MW31C). Finally, monitoring 

2 well MW23 screened in the backfill of the 84-inch storm sewer situated beneath the eastern property 

3 boundary was monitored. 

4 

5 

6 

7 

8 
9 

10 
11 
12 
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15 
16 
17 
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The hydraulic gradient testing procedures were conducted in three phases during Phase VII of the RL 

The results of the tests are presented below; ground water elevation hydrographs cited below are 

presented in Appendix D-2 and D-3: 

1) Phase 1 consisted of monitoring the water elevations in the active French Drain Middle Pump 
Station (FDMPS) to evaluate if it is a source of water level disturbances in on-property 
monitoring wells. The objective of the monitoring was to determine the cyclic frequency of 

·pumping at the FDMPS, and then compare the results against any cyclic patterns observed in 
monitoring wells during Phases 2 and 3. The data logger at the FDMPS was programmed to 
obtain a water level reading every 10 minutes for the duration of the test (approximately 8,330 
minutes). The data collected from the FDMPS location indicated an average pump cycle of 
approximately 22.88 hours of discharge followed by 13 hours of recharge. Three complete 
pump cycles were observed in the FDMPS location during the duration of Phase 1 as shown in 
the hydrograph in Appendix D-1. 

2) Phase 2 involved the recharge portion of the hydraulic gradient test. This consisted of the shut
down of the P6A pump and the monitoring of the water level elevations in 13 Perched Zone II 
monitoring wells and piezometers (MW15B, MW16, MW17, MW30, MW31C, MW31D, 
MW41, MW42, MW43A, MW44, P6, P7, P9) plus MW23. The recharge monitoring period 
lasted for approximately 68 hours at all locations (except MW31D) which was sufficient time 
for all wells to equilibrate to non-pumping, static conditions. P6A pump was shut off again at a 
later date and the water level elevation at MW31D was monitored. The recharge period for 
MW31D totaled approximately 100 hours. 

Appendix D-2 contains the water level elevation versus time graphs that were generated for the 
recharge phase of the test. Appendix D-4 lists the non-pumping static water level in these wells 
along with the apparent change in water level from pumping conditions at P6A for the recharge 
and discharge portions of the test. 

3) Phase 3 consisted of the discharge phase of the hydraulic gradient test. This phase commenced 
with the re-start of P6A pump and the monitoring of the same locations listed above (except 
MW30 and MW31D) until pre-shut down water elevations were approached. Appendix D-3 
contains the water level elevation versus time graphs for the discharge portion of the test. 

As the hydrographs in Appendix D-2 and D-3 indicate, all monitored wells screened in the Lower 

Clay Unit were influenced to some degree by P6A. Table 1 in Appendix D indicates that MW16, P6, 

P7, and P9 had the greatest change in water level elevation as a result of P6A (between 1.3 and 3.7 

feet). As would be expected, this correlation is the result of the wells being in close proximity to the 
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1 pumping source. The other monitored wells screened in the Lower Clay Unit (MW17, MW41, and 

2 MW44) were located at greater distances from P6A and indicated slight influences (less than 0.54 

3 feet) with re~pect to P6A, as the hydrographs and Table 1 indicate. 

4 

5 Lacustrine Unit well MW31C indicated a slight impact (approximately 0.22 to 0.31 feet) as shown on 

6 Table 1 in Appendix D. This data suggests the Lacustrine Unit beneath the central portion of the 

7 facility may be hydraulically connected to the Lower Clay unit beneath the northeastern portion of the 

8 Site. Similar to MW31C, MW30 (screened in the Lacustrine 2 Zone situated at the bottom of the 

9 Lower Clay Unit; Sheet 3-1) appears to be slightly influenced by P6A, suggesting a hydraulic 

10 connection between the Lacustrine 2 Zone and the fine grained silty sand deposits to the east. It 

11 appears that P6A also had a slight influence on MW31D, as shown by the relatively flat static water 

12 level elevation conditions that were observed in the well during the recharge portion of the test 

13 (Appendix D-2). The water elevation in MW31D rebounded approximately 0.33 feet suggesting that 

14 the Lower Sand Zone beneath the north-central portion interfmgers with the fmer grained Lower Clay 

15 deposits to the east, as depicted on Cross Sections A-A' and B-B' in Appendix G. 

) 

17 The data from the hydraulic gradient test indicate that two wells are not significantly impacted by 

18 P6A, MW23 and MW43A. The water elevations in these wells fluctuated. less than0.21 feet in 

19 MW43A and less than 0.03 feet in MW23A (Table 1). MW43A is screened in a discrete sand seam 

20 in the Lower Clay Unit south of the tongue of fme grained silty sand deposits present beneath the 

21 northeastern portion of the Site (Cross Section Z-Z' in Appendix G). The hydraulic gradient test data 

22 from MW43A confirm the spatial distribution of the fine grained sand deposits shown on the 

23 potentiometric surface contour maps in Appendix D. The data from monitoring well MW23A 

24 suggests that backfill materials at the base of the 84-inch storm sewer are also not in significant 

25 hydraulic communication with the fine grained sand deposits. The storm sewer is situated directly 

26 above the deposits in the vicinity of P6A as shown on Cross Section A-A' in Appendix G. 

27 

28 The recharge data from the other well screened in the Lacustrine Unit, MW15B is not considered 

29 valid because of operational error. The water elevation in this well recharged approximately 2.3 feet 

30 during Phase 2 of the hydraulic gradient test (Appendix D-4). This is considered to be suspect 

31 because: 1) the well is screened in a discrete sand seam in the Lacustrine Unit that was purged dry _ 

32 during every quarterly SSPL ground water sampling event indicating slow recharging conditions; and, 

33 2) the water level in MW15B during the recharge portion of the hydraulic gradient test rose more 

34 than 1.5 feet higher than faster recharging wells located in closer proximity to P6A (e.g. MW41, 

5 MW44, MW16). 

36 
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1 Potentiometric surface contour maps were generated to document the water level elevation changes 

2 that were observed during the recharge and discharge portions of the test (Appendix D). Three maps 

3 were generated, each representing the water level elevation and corresponding hydraulic gradient at a 

4 specific time period during the test. The maps indicate the hydraulic gradient as influenced by P6A 

5 gradient control well location before and after the test, as well as the "natural" hydraulic gradient as 

6 represented by non-pumping static water levels between the recharge and discharge portions of the 

7 test. The hydraulic gradient in Perched Zone II during non-pumping conditions was calculated to be 

8 approximately 0.022. The linear velocity of ground water flow beneath the central and northeastern 

9 portions of the property during non-pumping conditions is estimated to be 5.01 x 10·5 m/day. 

10 

11 The significant drop in water levels observed in the Appendix D-2 hydrographs of P6, P7, and P9 at 

12 the 2,500 and 4,000 minute marks was the result of a P6A pump problem that occurred during the 

13 performance of the test. As the discharge phase began, the pump located in P6A did not function 

14 properly. The pump was removed, inspected, cleaned, and placed back in the well at approximately 

15 the 4,000 minute mark, causing the fluctuations observed at the end of the hydrographs. Once the 

'i pump problem was corrected, the discharge phase of the test was performed as planned. 

,] 

18 In addition to the observed water level change as a result of P6A, a minor cyclic interference pattern 

19 was observed in three of the wells during Phases 2 and 3 (see the hydrographs for wells MW15B, 

20 MW23, MW43A in Appendices D-2 and D-3). The frequency of the interference pattern observed in 

21 these wells appears to be strongly related to the cyclical pattern of the FDMPS location, which was 

22 monitored during Phase 1 (Appendix D-1). A similar cyclic pattern was also observed in several of 

23 the wells monitored during the pump test conducted in 1989 during a previous Site investigation. The 

24 interferences observed in the wells were atttibuted in previous reports to be the result of a potential 

25 off-property pumping source. However, as the information obtained in Phase 1 of the hydraulic 

26 gradient test indicates, the effects of the FDMPS pumping station is a more appropriate explanation of 

27 the cyclic fluctuations observed in the wells. The data from the FDMPS also indicates that the 

28 French Drain interim action does not affect wells screened in the silty fme grained sand deposits 

29 situated in the upper portion of the Lower Clay Unit. The three wells that were effected by the 

30 FDMPS are screened in discrete sand seams'(MW15B, MW43A) or backfill (MW23) that were 

31 shown above to not be hydraulically connected to the silty fme grained sand deposits. This further 

32 supports the interpretation that Perched Zone I and Perched Zone IT are only hydraulically connected 

33 on a limited basis. 

34 
') 
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3 This section describes the local and potential future uses of ground water and surface water in the 

4 vicinity of the Site, in addition to a demographic profile of the people and land use. These data are 

5 needed to support an evaluation of potential receptors in the baseline risk assessment presented in 

6 Chapter 6, and to satisfy Task SE of the Ohio EPA's SOW. 

7 

8 3.6.1 Local Uses of Ground Water and Surface Water 

9 

10 As described in Section 3.1.2 (Regional Hydrogeology) the EM Science Site lies above the northern 

·11 edge of the Norwood Trough Aquifer (Figure 3-4). According to the City of Norwood, ground water 

12 in the vicinity of the Site is exclusively pumped from the Norwood Trough Aquifer (NT A); no 

13 perched ground water production wells exist. In addition, ground water pumped from the NTA is 

14 used solely for industrial production purposes; no water derived from the NTA is utilized for drinking 

15 purposes by the City of Norwood or private industry, and no private residential wells are screened in 

the NT A or in perched ground water above the NT A. 

17 

18 As part of the RI, a search was performed to identify all pumping wells screened in the NT A within a 

19 one mile radius of the Site .. The search included contacting the Ohio Department of Natural 

20 Resources (ODNR) for its well records on wells drilled into the NTA, the City of Norwood, and 

21 private industrial firms. Table 3-9 lists the results of the well search, and Figure 3-4 indicates the 

22 location of the wells shown on Table 3-9. There are currently five active wells pumping water from 

23 the NTA for industrial processing. As shown on Table 3-9, all wells formerly used by the City of 

24 Norwood for public supply have been abandoned. The City of Cincinnati supplies drinking water to 

25 the City of Norwood for distribution to residences and industries within Norwood. Based on this, and 

26 the fact that most of the ground water pumped from the NTA over the last 50 to 75 years has been 

27 used for industrial purposes, the use of ground water within the NTA is not expected to change. 

28 

29 Data concerning surface water hydrology was obtained from the "Soil Survey of Hamilton County 

30 Ohio" (ODNR, 1982) and the United States Geological Survey (USGS) 7.5 Minute Topographic Map, 

31 Cincinnati East Quadrangle. Surface water features near the EM Science property are shown in 

32 Figure 3-2. No lakes, ponds, surface water impoundments, or lagoons are located within a one mile 

33 radius of the Site. As presented in Section 3.2.1 (Topography and Surface Water), the Site is located 

34 within the Little Miami River drainage basin above the 100-year flood plain. The nearest surface 

' water body is Duck Creek, an ungaged stream with no measured base or peak flows, located 

36 approximately 600 feet southeast of the EM Science property. Duck Creek is exclusively utilized as 
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1 an engineered channel to direct storm water flow through the heavily urbanized areas located south 

2 and east of the property. The 84-inch storm sewer located beneath the northeastern portion of the 

3 property connects with Duck Creek approximately 600 feet southeast of the property (Sheet 1-l). No 

4 other uses of Duck Creek besides storm water control are known to exist. 

5 

6 As shown on Figure 3-2, Duck Creek begins approximately 2.25 miles southwest of the EM Science 

7 property and contains an upstream drainage area of approximately 2, 600 acres. Duck Creek initially 

8 flows northeast as a contained storm water system. The channel is totally confined in a concrete 

9 channel as it flows for two miles parallel and beneath 1-71. Near the 1-71/S.R. 562 interchange, 

10 Duck Creek begins to flow to the east. The channel is confined to a below-grade twin 12-feet 

11 concrete box culvert in this area. East of the interchange, the concrete channel is open-topped at 

12 several locations. Approximately one mile east of the EM Science property, Duck Creek flows to the 

13 south just past Kennedy Avenue. The channel of Duck Creek in not inhibited by engineered concrete 

14 once the creek begins to flow to the south. Duck Creek becomes a tributary of the Little Miami 

15 River approximately four miles southeast of the Site. The Little Miami River flows south for 

approximately three miles where it becomes a tributary of the Ohio River. 

7 

18 3.6.2 Demography 

19 

20 Population data within a one mile radius of the Site was obtained through the United States Census 

21 Bureau (1990 Census); on-property population work data was obtained from the EM Science 

22 personnel department. The EM Science property lies on the eastern edge of the City of Norwood 

23 which had a 1990 population of approximately 23,600 residents. A detailed summary of the off-

24 property population is presented in Table 3-10. Three private residences located on the north side of 

25 Highland Avenue are situated approximately 100 feet from the northwest portion of the property. 

26 Seven private residences are located approximately 400 feet northwest of the Site just north of 

27 Highland A venue. These residences are separated from the other three residences by commercial 

28 properties. A larger-scale residential area is located approximately 400 feet southwest of the 

29 property. This area contains several private residences which are separated from the property by 

30 S.R. 562. 

31 

32 EM Science currently employs approximately 165 full-time and no part-time individuals. Twenty 

33 eight percent of the total number of employees are female and 72% are male. The range of employee 

34 age is between 22 and 64 years; the average age is 42 years. Employees work an average of 40 

1 hoQ.rs. five days per week (2,080 hours per year). Three 8 hour shifts normally operate at the 

5 facility, Monday through Friday. Only a small percentage of the employees are on the property 
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1 throughout evening and night shifts. Overtime work, including weekend work, is periodically 

2 performed by a few employees through the year. There are no overnight employee sleeping quarters 

3 at the EM Science facility. All areas of the property, including the parking lot, are monitored by a 

4 security guard 24 hours a day. 

5 

6 3.6.3 Land Use 

7 

8 Land use within a one-mile radius of the Site is illustrated on Figure 3-15. Land within a one-mile 

9 radius lies in the City of Norwood, the City of Cincinnati, and Hamilton County, Columbia 

I 0 Township. Infonnation concerning land use in the vicinity of the property was obtained from the 

II aforementioned government agencies. As extensively described in Section 1.2 (Site Description), the 

12 property is bordered on the south and east by transportation corridors, and on the west by industrial 

13 facilities. The property to the north, across Highland Avenue, is primarily industrial/commercial, 

14 except for the few residences across Highland A venue. 

15 

Within a one-mile radius of the Site, slightly more than half of the area is residential (Figure 3-15). 

1/ Most of the residential areas lie in the northwest one-third or in the southern portions of the area. 

18 Approximately one-third of the area is industrial or commercial. The balance of the area is 

19 transportation corridors, parks, or undeveloped land. No areas allowing recreational hunting or 

20 fishing are present within one mile of the property. 

21 

22 Current subpopulations of potential concern within one mile of the property are identified below. The 

23 information presented on subpopulations was obtained from a USGS Cincinnati-East topographic map 

24 of the area, and by Phone Search USA, a computer software package provided by Delorme. Phone 

25 Search USA is a digital phone directory that enables the user to search residential and business 

26 listings. 

27 
28 Schools: Ten schools are located within one mile of the property. Seven of the schools are public,. 
29 and three are parochial schools. The nearest school is located approximately 0. 75 miles west of the 
30 property. 
31 
32 Daycare Centers: Two child daycare centers are located approximately 0.75 miles northwest of the 
33 property. 
34 
35 Hospitals. Nursing Homes. and Retirement Communities: One senior citizen center is located 
36 approximately one mile southeast of the property. 

7 

.:l8 In addition to the above subpopulations, a search was performed including youth centers, Montessori 
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1 child development centers, nursery, preschool, and kindergarten schools, and orphanage shelters. 

2 The search did not indicate any of the aforementioned subpopulations located within one mile of the 

3 property. EM Science occasionally provides limited tours of the operating facility to school groups. 
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4 The baseline risk assessment (BRA) was performed as part of the RI/FS for the EM Science Site to 
5 assess potential human health and ecological risks. The BRA was prepared by The Payne Firm in 
6 collaboration with Mink and Associates, Inc. (MAl), Cincinnati, Ohio to defme the potential risk 
7 associated with chemical contamination in soil/fill, perched ground water, and air based on data 

8 collected at the Site dnring the Rl. As stated in the Guidance for Conducting Remedial Investigations 
9 and Feasibility Studies Under CERCLA (U.S. EPA, 1988a), the objectives of the BRA are to 

10 determine if remedial action is necessary and provide the justification for performing remedial 
11 actions. The BRA consists of the following four major components, as per Task 6 of the Ohio EPA's 

12 SOW and the Risk Assessment Guidance for Superfund. Volume I. Human Health Evaluation 
13 Manual (Part A), (U.S. EPA, 1989e; hereafter referred to as RAGS): 

14 
15 
.6 

.! 

18 
19 

Data Evaluation 

Exposure Assessment 

Toxicity Assessment 

Risk Characterization 

20 As defined in Section 4.1, the Site was divided into four primary areas of VOC contamination and 
21 two secondary areas of contamination, based on compound distribution and physical setting. 
22 Analytical data for Site perched ground water was divided into two groups, also defmed in Section 
23 4.1, based upon chemical concentration and hydrogeologic information. To facilitate remedial 
24 decision making, the potential risk was estimated separately for each area of contamination and 
25 perched ground water group. The risk assessment methodology was consistent for all areas and 
26 groups. The potential risk was also estimated for exposure to the entire Site. The results of the risk 
27 characterization will be discussed within this chapter for each of the areas of contamination and 
28 ground water groups, and for the entire Site. The uncertainties associated with the BRA and the 
29 results of the ecological Site characterization will also be reviewed. 

30 
31 The BRA concludes that while the potential for unacceptable risk is very limited under current 
32 operating conditions, the potential for unacceptable risks exist in the absence of remediation where: 
33 1) excavation activities take place in the area south of Building 10 or in the middle portion of the 
34 West Ravine; 2) extensive excavation activities take place in the area south and east of Building 4, the 
"5 area around Sump-562, or in the East Ravine; or, 3) perched ground water impacted by Site 

6 contamination is used for potable purposes. The risks at the Site primarily result from exposures to 
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1 VOCs. The potential for unacceptable risks to human health exists from use of perched ground water 

2 at the eastern property boundary for general household purposes if the contaminant migration was 

3 unabated. However, interim actions installed prior to the RI (i.e. the French Drain and P6A) 

4 continue to effectively restrict the migration of ground water contamination to the eastern property 

5 boundary. Moreover, local regulatory standards currently prevent the use of perched ground water 

6 beneath the Site for potable purposes. 

7 
8 6.1 Methodology of the Baseline Risk Assessment 

9 
10 The BRA was conducted in accordance with the Ohio EPA's SOW, RAGS, the RifFS Work Plan, 

11 and the risk assessment Conceptual Site Model (CSM) prepared for the Site (MAl, 1994). The CSM 

12 was approved by the Ohio EPA on November 7, 1994. As data from the RI was collected and 

13 evaluated, the approach to the BRA, and some of the issues presented in the approved CSM, were 

14 refined during a conference call with the Ohio EPA on June 27, 1995 (as documented in a 

15 July 5, 1995 letter from The Payne Firm to the Ohio EPA), and in a September 13, 1995 letter from 

· 'i the Ohio EPA to EM Science. The ecologic Site characterization (ESC) and evaluation of potential 

"7 impacts to ecological receptors were conducted and presented in Technical Memorandum No. 7, 

18 Ecological Site Characterization (MAl, 1995), which was approved by the Ohio EPA on 

19 December 1, 1995. As summarized in TM-7 and Section 6.6, the results of the ESC indicated that it 

20 was not necessary to conduct a quantitative ecological risk assessment at the Site due to the limited 

21 presence of potential receptors, and viable floral and faunal habitats. 

22 

23 

24 

25 

26 

27 

28 

29 
30 
31 
32 
33 
34 
35 
'6 

' 

As stated previously, the BRA consists of four components, data evaluation, exposure assessment, 

toxicity assessment, and risk characterization. An uncettainty analysis is conducted for each of these 

components and is presented in Section 6. 7. The methods that were used to address these components 

are discussed briefly in the following text: 

Data Evaluation 

The initial step of the BRA was the evaluation of SSPL analytical data collected during the RI. The 
SSPL data were reviewed to determine their suitability for use in risk assessment, evaluate the 
completeness of the Site characterization, compare concentrations within areas of contamination to 
background concentrations, and determine chemicals of concern (COCs). As described in 
Chapter 2, all analytical data were validated and qualified in accordance with the RifFS Work Plan 
and QAPP and the results of the qualification reviewed. The evaluation of completeness of Site 
characterization, and the comparison of noncbackground concentrations with background 
concentrations are contained in Chapters 2 and 4 and will only be briefly reviewed in this chapter as 

CHAPTER6.RI\HYM 
10/23/96 

6-2 



EM Science RI Report 
Chapter 6 

October 25, 1996 

1 appropriate. The data useability for risk assessment and the determination of COCs will also be 
2 discussed in this chapter. 
3 
4 Issues of concern in the determination of data useability included turbidity of perched ground water 
5 samples, contamination of samples during or after sample collection, and elevated sample 
6 quantitation limits (SQLs). The COCs were determined based upon the detected presence of the 
7 contaminant and the availability of toxicity values for the contaminant. 
8 
9 Exposure Assessment 

10 
11 The objectives of the exposure assessment were to identify actual or potential exposure pathways at 
12 the Site to characterize potentially exposed populations, and to determine the extent of the exposure. 
13 For exposure to occur, four essential elements must exist: 1) a contaminant source; 2) a mechanism 
14 of contaminant release to the environment and/or an environmental transport medium (e.g. air or 
15 ground water); 3) a point of potential contact (exposure point) with the contaminated medium; and, 
16 4) an exposure route (e.g. inhalation or ingestion) at the contact point. 
17 
18 The CSM illustrated the elements of the exposure assessment. Potential exposures at the· Site are 
19 related to the physical setting and use of the Site. As presented in Chapter 1 and the CSM, the Site 

) is an active industrial facility. Current exposures reflect the urban/industrial nature of the Site and 
:1 the area surrounding the Site. Future use of the Site under different operating conditions was also 

22 evaluated. A more detailed discussion of the CSM, as amended during the RI, and the exposure 
23 assessment is presented in Section 6.3. The physical and geological setting of the Site were 
24 presented in Chapters 1 and 3; relevant information is summarized in the exposure assessment as 
25 necessary. 
26 
27 Toxicity Assessment 
28 
29 The objective of the toxicity assessment was to estimate the potential for a given contaminant to 
30 cause adverse effects in exposed individuals and, where possible, to quantify the relationship 
31 between exposure level and likelihood or severity of the adverse effects. The toxicity of many 
32 contaminants have been evaluated by the U.S. EPA. The information hierarchy that was used 
33 followed the procedures prescribed by RAGS, with the U.S. EPA's Integrated Risk Information 
34 System (IRIS) data base being the primary source of toxicity values. IRIS was supplemented by the 
35 U.S. EPA's Health Effects Assessment Summary Tables (HEAST) or other U.S. EPA 
36 Environmental Criteria and Assessment Office (ECAO) numbers where appropriate. Compounds 
37 without U.S. EPA or Ohio EPA approved toxicity values were not quantitatively evaluated. A 
38 detailed discussion of the toxicity assessment is presented in Section 6.4. 
39 
40 Risk Characterization 
41 
42 The objective of this fmal step of the BRA was to estimate the overall potential adverse effects by 
• 3 utilizing the exposure information and toxicity assessment (hazard identification and dose-response 

data) for each exposure scenario. The risk characterization for the EM Science Site was based on 
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1 the SSPL analytical data presented in the selection of COCs, the exposure scenarios developed in 
2 .the exposure assessment, and the toxicity characterization determined in the toxicity assessment. 
3 
4 The risk characterization process provided numerical estimates of potential risk and a framework to 
5 assist in determining the significance of the health impacts, in addition to conveying related 
6 uncertainties. The calculated estimates of the excess lifetime cancer risks (ELCR) and chronic 
7 hazard index (HI), which characterizes the potential for a chemical to induce a non-cancer, adverse 
8 health effect, were compared to U.S. EPA and Ohio EPA guidance levels. COCs and exposure 
9 pathways which are predominant contributors to the potential risks were also identified. The risk 

10 characterization for the Site is presented in Section 6.5. 
11 
12 6.2 Data Evaluation 

13 
14 Analytical data collected during the RI were evaluated to determine the useability of the data and to 

15 determine the COCs. Data useability was evaluated in accordance with Guidance for Data Useability 

16 in Risk Assessment (Part A) (U.S. EPA, 1992c) and RAGS. The evaluation focused on the 

17 completeness, comparability, representativeness, precision and accuracy of the data. As extensively 

1 presented in Chapter 2, all analytical data was collected in accordance with the procedures outlined 

19 within the Rl/FS Work Plan and qualified following the U.S. EPA's Contract Laboratory Program 

20 National Functional Guidelines for Organic Data Review (U.S. EPA, 1994c) or Contract Laboratory 

21 Program National Functional Guidelines for Inorganic Data Review (U.S. EPA, 1994b). 

22 

23 6.2.1 Data Useability 

24 
25 The following sub-sections evaluate the completeness, comparability, representativeness, and precision 

26 and accuracy of the analytical data base. 

27 

28 6.2.1.1 Completeness 

29 
30 The criteria for completeness were outlined within the QAPP and were discussed in the Section 2.9. 

31 In summary, the conditions for completeness outlined were based upon the percent of the planned data 

32 which was collected, analyzed, and considered to be .usable. As presented in Section 2.9, all 

33 analytical data collected during the RI met the completeness criteria set forth in the QAPP. Another 

34 consideration for completeness in the risk assessment is if critical samples (i.e. samples from locations 

35 where the high concentrations of contamination are expected), were considered to be usable. A 

36 review of the unusable SSPL data showed: 
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1 Less than one percent of the soil samples were broken or lost during packaging and transport. 
2 The only SSPL soil data qualified as unusable were the PCB results from a single sample (VE516, 
3 a boring along S.R 562, at a depth of 8 to 12 feet). This sample was taken at the periphery of 
4 the Site and is not considered to be a critical sample to the definition of risk. The unusable soil 
5 data represents Jess than one percent of the total soil analytical data. 
6 
7 All planned air data was gathered and submitted to the laboratory. No air samples were lost, 
8 broken or yielded results which were qualified as unusable. 
9 

10 No ground water samples were broken or lost during packaging and transport. The acid 
11 extractable SVOCs analytical results were qualified as unusable in water samples collected from: 
12 the Outfall during Phases IV and VI; MW505A during Phase IV; P1 during Phase IV; and, 
13 MW503 during Phase VI. These sample results account for Jess than one percent of the total 
14 ground water analytical data. Additionally, quarterly rounds of ground water sampling were 
15 conducted during the Rl. Given the repetitive nature of the ground water sampling, and the fact 
16 that usable acid extractable SVOC results were obtained for each sampling location, these ground 
17 water samples were not considered to be critical samples. 
18 
19 The low yielding nature of several monitoring wells prevented collection of sufficient sample 

) volume for complete SSPL analysis. Specifically, sample volume was not collected at: MW1 for 
1 SVOCs and PCBs; MW21B for SVOCs, PCBs and cyanide; and, MW15 for cyanide. MWl and 

22 MW21B are upgradient of known areas of contamination. MW15 is known to be impacted by 
23 VOC contamination, however, cyanide is not associated with the VOC contamination. These 
24 samples are not considered critical to the characterization of risks. 
25 

26 The unusable data represent less than one percent of the analytical data base and do not include any 

27 critical samples. Therefore, the analytical data base is considered to be sufficiently complete for the 

28 purposes of the BRA. 

29 

30 6.2.1.2 Comparability and Representativeness 

31 

32 The analytical results from samples collected from all media were reviewed for representativeness and 

33 comparability. The analytical results from soil and air samples were primarily reviewed for 

34 representativeness, i.e., does the data represent actual Site conditions. The analytical results from 

35 ground water samples were reviewed both for representativeness and comparability, i.e., are the 

36 results consistent between sampling rounds. The data were reviewed for: 

37 
38 changes in contaminants detected in adjoining samples not explainable by degradation or the 
3 9 proximity of an historical source of contamination; 
d.Q 
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1 changes in contaminant concentration not explainable by the geotechnical properties of the Site 
2 Geological Model (SGM) or the proximity of an historical source of contamination; and, 
3 
4 variability in ground water analytical results from a single sampling location not explainable by 
5 method uncertainty, degradation or subsurface migration. 
6 
7 Other items reviewed in the evaluation of comparability and representativeness were: 

8 
9 the affects of elevated sample quantitation limits (SQLs); 

10 
11 the affects of sample turbidity; and, 
12 
13 the affects of sample contamination during sample collection and transport to the project 
14 laboratory. 
15 
16 The review of the soil analytical data showed no anomalous results which would indicate that the data 

17 were not representative of Site conditions. The changes in the detected concentrations of 

1 8 contaminants in soil were explainable by the proximity of historical sources of contamination, the 

J migration characteristics of the contaminants, and the geotechnical properties of the SGM. The 

20 analytical results from soil samples were also consistent with the analytical results from perched 

21 ground water samples with respect to the locations and relative concentrations of detected compounds. 

22 

23 The compounds detected in air samples were consistent with compounds detected in soil and ground 

24 water samples and the urban nature of the area and the changes in the concentrations of detected 

25 compounds between sampling locations were explainable by dilution and the proximity of 

26 transportation corridors. 

27 
28 The review of the ground water analytical data showed that analytical results were comparable 

29 between sampling rounds for all ground water sampling locations except MW35. As discussed in 

30 Section 2.6.4.2, the compounds detected, and the concentration of detected compounds in the results 

31 from ground water sample collected at MW35 during Phase I, were dramatically different from 

32 analytical results from samples collected at MW35 during all subsequent sampling events. A review 

33 of the representativeness also showed that the results of all ground water samples (except for the 

34 sample collected from MW35 during Phase I) were consistent with the analytical results from soil. 

35 Differences in compounds detected and concentrations of detected compounds were explainable by the 

36 location of the well, the geotechnical properties of the geologic unit or zone in which the well was 

?,7 screened, and the degradation characteristics of different compounds. For these reasons, the Phase I 

3 sample from MW35 was determined to be non-representative and unusable. 
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1 A more thorough review of issues concerning the comparability and representativeness of the 

2 analytical data base is presented below: 

3 

4 Elevated Sample Ouantitation Limits 

5 

6 In a limited number of soil and ground water samples, elevated sample quantitation limits (SQLs) 
7 for organic compounds (primarily VOCs) occurred due to matrix interference. The effects of 
8 matrix interference on the SQLs can be seen on Table 6-1 which lists detected organic SSPL 
9 constituents, the range of detections limits from samples in which the constituents were not 

10 detected, and the range of concentrations at which the compounds were detected. The elevation of 
11 SQLs for a chemical group resulted from the detection of multiple chemicals from within that 
12 chemical group, which prevented the identification and/or quantitation of compounds present at 
13 lower levels. The interference could not be eliminated using the standard U.S. EPA analytical 
14 procedures defmed in the QAPP. 
15 
16 While a majority of the water (55%) and soil (71 %) samples did not have elevated SQLs for VOCs, 
17 SQLs were elevated by as much as a factor of 5,000 in water samples and 18,000 in soil samples. 
1.8 Approximately 15% of water samples and 20% of soil samples had SQLs for VOCs that were 

9 elevated by two or more orders of magnitude. These percentages are reflective, in part, of the 
ZO biased nature of the sampling plan. Soil/fill and ground water samples were primarily collected in 
21 areas of known or suspected contamination. The elevated SQLs for VOCs were largely limited to 
22 the primary areas of voc contamination with only infrequent, low level ~ an order of magnitude) 
23 elevation of VOC SQLs in samples collected from the secondary areas of contamination and 
24 portions of the Site outside the areas of contamination. 
25 
26 SQLs were not elevated in the majority of non-VOC samples. This was consistent with the fact that 
27 VOCs are the dominant SSPL contaminant group with respect to both the nature and extent of 
28 contamination and risk. The elevated SQLs for non-VOC SSPL constituents were relatively 
29 confined as discussed below: · 
30 
31 SQLs for SVOCs were not elevated in approximately 93% of all samples. They were elevated 
32 by up to a factor of 50 in ground water samples and a factor of 20 in soil/fill samples. 
33 However, the area where SVOC SQLs were elevated was relatively limited. If three wells, 
34 (MW4, MW5 and MW9), were not considered when examining the SVOC data, then the 
35 maximum elevation of SQLs in ground water would be 10%. MW4 and MW9 are screened 
36 within the fill of the West Ravine while MW5 is screen across a sand seam within the Upper 
37 Till Unit. Similarly, SQLs were not elevated in any samples from native soil and, if three 
38 samples from the fill of the East Ravine were excluded from consideration, then maximum 
39 elevation in fill would be a factor of four. 
40 
41 The SQLs for PCBs were elevated (by up to two orders of magnitude) in approximately 8% of 
'2 the ground water samples, and in approximately 21% of soil/fill samples. If the results from 
.3 MW35 are not considered, then the SQLs for PCBs in water samples were elevated by no more 
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I than a factor of 5. The elevated SQLs for PCBs in soil/fill were almost entirely limited to the 
2 fill, with only one sample from native soil with elevated SQLs. 
3 
4 As described in Chapter 4, SSPL compounds detected during the RI at primary areas of VOC 
5 contamination exhibited distribution patterns which are consistent with known chemical 
6 characteristics, current knowledge of Site history, and the physical Site setting. The distribution 
7 patterns showed the maximum concentrations of compounds at areas where it is known from Site 
8 history that releases occurred (e.g. VZ329 located east of Building 4). The concentrations of 
9 detected compounds decrease with distance from the maximum concentration within the primary 

10 area of contamination with the most mobile compounds (VOCs) being detected at the greatest 
11 distances. These distribution patterns and known Site history do not indicate the presence of 
12 additional, undetected chemicals. 
13 
14 As expected, SQLs were more elevated in primary areas of VOC contamination where maximum 
15 VOC concentrations occurred. This phenomena may have resulted in the non-detection of some of 
16 the VOCs present in lower concentrations. The effect of elevated SQLs on the exp·osure point 
17 concentrations is discussed in Section 6.3.3. As will be discussed in Section 6.8, it is the 
18 conclusion of this BRA that the potential for unacceptable risks does exist within the four primary 
19 areas of VOC contamination. The presence of additional, non-detected, compounds would, 

) therefore, increase the uncertainty of the BRA but would not change the conclusions. In addition, 
L1 the occurrence of elevated SQLs for VOCs in the secondary areas of contamination were very 
22 limited. For example, in the upper portion of the West Ravine, the SQLs for VOCs were only 
23 slightly G;_ an order of magnitude) elevated in a small number (3) of samples. 
24 
25 While elevated SQLs may be masking the presence of some of the VOCs present at the Site, they 
26 are not considered to prevent the adequate characterization of risk for the purposes of the RI 
27 (i.e. determination of the necessity of remedial action and justification for performing remedial 
28 actions). To summarize the issues related to elevated SQLs: 
29 
30 Elevated SQLs are the result of interference of elevated concentrations of compounds from the 
31 same analyte class present within the sample. That is, the presence of elevated VOCs elevates 
32 the SQLs for VOCs and the presence of elevated PCBs elevates the SQL for PCBs. However, 
33 the presence of elevated VOCs has little or no affect on the SQLs for PCBs and the presence of 
34 elevated PCBs has little or no affect on the SQLs for VOCs. The matrix interference cannot be 
35 eliminated by standard U.S. EPA analytical procedures. 
36 
37 The extent of the elevated SQLs is limited, especially for less mobile chemical groups, such as 
38 PCBs and SVOCs, and in perched ground water. 
39 
40 Chemical distribution patterns are consistent with Site history and the SGM. There are no 
41 indications of additional, non-detected compounds. 
42 
•-3 SQLs occurred more frequently in the four primary areas of VOC contamination, areas for 

~ which it was determined that the potential for significant risks exist. The possible· masking of 
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1 the presence of VOCs does not affect the conclusions of the BRA and RI, although the 
2 uncertainty in the BRA does increase. 
3 
4 Elevated Ground Water Turbidity 
5 
6 The elevated turbidity in ground water samples collected from low yielding, slow recharging 
7 perched ground water seams during the early phases of the RI affected the detected concentrations 
8 of some SSPL metals, radionuclides, D/F, and SVOCs. The effects of elevated turbidity on the 
9 analytical results of ground water samples were discussed in Chapter 4. It was demonstrated that 

10 elevated turbidity affected both the constituents detected, and the concentrations of the constituents. 
11 Some constituents were only detected in samples with high turbidity ( > 100 NTUs). The 
12 concentration of many detected constituents varied with turbidity. It was determined that sample 
13 turbidities greater than 25 NTUs influenced the detected concentrations of total and dissolved metals 
14 and D/F. 
15 
16 As discussed in Section 4.2.2 and 4.4.2, high turbidity represents the influence of suspended 
17 material in the ground water rather than the quality of the ground water itself. This is most clearly 
18 illustrated by the fact that some compounds were detected in turbid samples from wells but were not 
19 detected in less turbid samples from the same wells. For this reason, SSPL metals and dioxin and 

) furan results for very turbid samples (i.e. > 200 NTUs) were not considered representative of 
:1 water quality and were excluded from the determination of the exposure point concentrations 

22 (EPCs). Ground water with visible suspended solids is generally considered to be unpalatable and it · 
23 is considered unlikely that persons will use or consume such water. For these reasons, the metals 
24 and dioxin and furan results for highly turbid water samples (i.e. > 200 NTUs) are both considered 
25 unrepresentative of the nature of the water and unrepresentative of the quality of water likely to be 
26 used or consumed. The effects of turbidity on the risk characterization results for these constituents 
27 will be evaluated in Section 6.7. 
28 
29 SVOCs were rarely detected in ground water samples, resulting in limited data to determine the 
30 effects of turbidity on the results of SVOC analyses. There does not appear to be a correlation 
31 between turbidity and the detected concentrations of acid extractable SVOCs or relatively soluble 
32 base/neutral SVOCs, such as 1,2-DCB or aniline. However, there is evidence that sample turbidity 
33 influenced the analysis results for relatively immobile SVOCs, such as PARs, in geologic units 
34 where these chemicals were detected in soiL A number of P AHs were detected in samples with 
35 turbidities greater than 100 NTUs that were not detected in subsequent samples with lower 
36 turbidities from these wells (e.g. MW9 and MW18). However, ground water samples collected 
37 from MW4, which exhibited consistently low turbidity, also had a number of SVOCs, including 
38 PAHs, consistently detected. Given the inconclusive nature of the evidence, no conclusion can be 
39 drawn as to the effects of turbidity on the results of analyses for SVOCs. 
40 
41 Electrical Tape Seal Contamination 
42 
-13 The possible contamination of samples with acetone, MEK and toluene from the electrical tape used 

4 as a secondary seal (discussed in Section 4.5), was also reviewed. As discussed in the U.S. EPA's 
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1 Guidance for Data Useability in Risk Assessment, this information may not directly affect the level of 
2 uncertainty in the risk assessment, but rather is used to resolve problems in interpretation. The 
3 effects of the uncertainty associated with the data on the results of the risk assessment will be 
4 discussed in Section 6. 7. 
5 
6 The contamination of samples by the electrical tape seal may be responsible for low levels ( < 100 
7 JLg/kg total) of acetone, MEK and/or toluene that were detected in many samples collected during 
8 the Phase II and Phase IV soil boring program. These results are much less than the concentrations 
9 of these compounds detected in other samples. While the possible contamination of these samples 

10 by electrical tape adds uncertainty to the assessment of extent of contamination, it is not considered 
11 likely to significantly affect the results of the BRA. 
12 
13 Antimony Detected in Filtered Ground Water Samples 
14 
15 Antimony was detected in filtered ground water samples submitted for analysis for dissolved metals, 
16 but not in the corresponding unfiltered water sample submitted for analysis for total metals for 
17 many samples, including field blanks (as discussed in Section 4.2.2). During data validation, most 
18 of these dissolved antimony results were qualified as non-detect (U) with the SQL equal to the 
19 detected concentration, in accordance with applicable guidance. As total antimony was rarely 

detected and dissolved antimony was not consistently detected at any ground water sampling 
21 location where total antimony was not detected, the data qualifiers are considered appropriate. 
22 However, dissolved antimony results are considered suspect. As antimony yields unacceptable risk 
23 results from Group I ground water, the possible contamination of ground water samples with 
24 antimony, possibly from the field filtering apparatus, may have a significant impact on the results of 
25 the BRA. 
26 
27 6.2.1.3 Precision and Accuracy 
28 
29 Precision and accuracy were evaluated during data validation. Precision is a measure in the 

30 variability of a set of measurements (i.e. a measurement of the difference in sample results for 

31 samples with the same amount of contaminant). Accuracy is a measure of how close the reported 

32 value is to the true value. Review of the data validation results revealed that less than one percent of 

33 the analytical data base was qualified as estimated because of concerns related to the precision and 

34 accuracy of the results. Approximately two percent of the data base was qualified as estimated by the 

35 project laboratory. The data qualified as estimated by the laboratory was either detected at 

36 concentrations below the lower calibration standards of the laboratory or were detected at 

37 concentrations below the practical quantitation limit. The uncertainty associated with this data is not 

38 considered to significantly impact the results of the BRA for the purposes of the RI/FS. 

39 
LLO 
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3 As demonstrated in Chapter 4, the characteristics of the nature and extent of contamination at the Site 

4 resulted in the identification of four primary areas of VOC contamination (middle portion and mouth 

5 portion of the West Ravine, area south of Building 10, and the area south and east of Building 4), and 

6 two secondary areas of contamination (upper portion of the West Ravine and the East Ravine). In 

7 addition, monitoring wells screened in the Perched Ground Water System beneath the Site were 

8 divided into two groups (Group I and Group II monitoring wells). In Chapter 5, ground water 

9 contaminants detected in Perched Zone II (situated in the lower portion of the Perched Ground Water 

10 System) were modeled to two future locations: the eastern property boundary, and the southeastern 

11 portion of the Site). 

12 

13 The soils within each of the six areas of contamination were divided into as many as three sub-

14 groups. These groups are: 

15 
· ') current surface soil/fill, i.e., soil samples taken from 0 to 2 feet below grade in unpaved areas of 

I the Site; 
8 

19 future surface soil/fill, i.e., soil samples taken from 0 to 5 feet below grade without respect to the 
20 presence or absence of pavement; and, 
21 
22 subsurface soil/fill, i.e., soil samples taken from within the fill in the East and West Ravines and 

. 23 soil samples taken from depths of less than 16 feet below grade outside the limits of the ravines. 
24 

25 In addition, off-property soil samples collected in the area along S .R. 562 (primarily south and west 

26 of Seep-562 and south of Sump-562) were evaluated as a single separate group for the purposes of the 

27 BRA. VOCs detected in these samples migrated from the area south and east of Building 4 or the 

28 mouth of the West Ravine. 

29 

30 Group I monitoring wells are primarily upgradient wells located along the western and northern 

31 property boundaries, or downgradient wells that are not contaminated. Group II monitoring wells are 

32 contaminated wells screened beneath primary areas of VOC contamination, or contaminated 

33 downgradient wells located in the southeastern portion of the Site. ·These two groups of monitoring 

34 wells are further referenced in this chapter and on supporting tables and figures as "Group I ground 

35 water" or "Group II ground water" since most of the discussion concerning the wells is in reference 

36 to the ground water analyses of samples collected from the wells. 
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1 Group I and Group II ground water results were used for the evaluation of all on-Site exposure to 

2 perched ground water. As discussed in Chapter 5, ground water modeling was conducted to MW42 

3 located along the eastern property boundary for the purposes of evaluating potential future risk to off-

4 Site receptors. This evaluation was done to provide estimates of exposure and subsequent risk that 

5 were more representative of actual Site conditions than if the Site were treated as a whole, with the 

6 assumption that all contaminants found in one particular exposure area were present in all other areas 

7 of the Site. 

8 
9 COCs were determined separately for each of the six areas of contamination and the two ground 

10 groups. The analytical data corresponding to each area of contamination, and to soil and ground 

11 water media, were evaluated in order to determine COCs for each area under consideration. In order 

12 to reduce the confusion inherent in the presentation of large amounts of analytical data, the results are 

13 summarized by SSPL contaminant class (i.e. VOCs, acid extractable SVOCs, base/neutral SVOCs, 

14 metals, PCBs and D/F). The risk results for individual compounds are presented in Appendix M. In 

15 the evaluation of Site wide risk, only those contaminants that were detected at least twice (i.e. greater 

than 5% detection; consistent with RAGS Section 5.9.3), were evaluated. It should be understood 

1 1 that the presentation of the risk results by contaminant class is for the purposes of clarity of 

18 presentation. only. The results for all SSPL compounds evaluated are presented in Appendix M while 

19 only the primary contributors to risk are discussed within the text. 

20 
21 The determination of COCs was performed consistent with the primary objective of the BRA, i.e. to 

22 determine if remedial action is necessary and to provide the justification for performing remedial 

23 action. This selection process included the following criteria: 

24 
25 the chemical was detected within the given medium in the area of contamination (for the 
26 evaluation of the areas of contamination), or in greater than 5% of the samples from a given 
27 medium (for the evaluation of Site wide risks); and, 
28 
29 U. S. EPA health-based numbers can be obtained for the chemical. 
30 
31 6.3 Exposure Assessment 

32 

33 The exposure assessment for the BRA is detailed in this section. The purpose of this assessment is to 

34 evaluate the potential for exposure to Site-contamination and to quantify those exposures where 

35 appropriate. This assessment was conducted in accordance with U.S. EPA technical guidance 

'li} documents (1986, 1988a, 1988c, 1989c, 1989e, 1991a, and 1992a) and the Ohio EPA's SOW. The 
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1 exposure setting conforms to the CSM (see Figure 6-1), as modified during the RI. The exposure 

2 assessment included the identification of potentially exposed populations. 

3 

4 6.3.1 Exposure Setting 

5 
6 The physical setting for the EM Science Site was detailed in Chapters 1 through 4 of this report. As 

7 discussed in Chapter 1, the EM Science facility is a fenced, operating chemical/industrial facility with 

8 24~hour active security. A number of structures exist at the facility and a large portion of it has been 

9 paved. The facility is bounded to the south by a limited access highway (S.R. 562), to the east by 

10 railroad tracks (Norfolk and Southern), to the west by an operating industrial facility and to the north 

11 by a local street (Highland Avenue). To the north of Highland Avenue exist a number of 

12 commercial/industrial buildings and a few residential properties. The Site and surrounding area have 

13 been developed since the 1950s and property use for the adjacent properties has remained essentially 

14 unchanged since the installation of S.R. 562 in the late 1960s. The 11se of the facility for anything 

15 other than chemical manufacturing is considered unlikely to change in the near future. 
) 

7 The EM Science property is approximately 9 acres and is essentially flat. However, at the south 

18 property line the land slopes rapidly to S.R. 562. It drops approximately 30 feet with a distance of 

19 60 feet. At the base of this slope is S.R. 562, a limited access highway. The slope is overgrown 

20 with brush and vegetation. A fence exists at the EM Science property line near the top of the slope. 

21 A fence also exists from the property line, around the sump and to the railroad embankment. 

22 

23 The climate and meteorology of the area along with the geological setting were discussed in 

24 Chapter 3. Soil types and ground water hydrology were also discussed there. Details from these 

25 chapters will be discussed as appropriate. 

26 
27 Potentially Exposed Populations 

28 
29 As discussed in Chapter 1, the surrounding area is primarily used for heavy industrial facilities, light 

30 industrial and commercial facilities, and only a few houses. The population of the area surrounding 

31 the Site was reviewed for the presence of potentially sensitive subpopulations. While there are ten 

32 schools and two daycare centers known to be located within one mile of the Site, the closest school is 

33 located approximately three-quarters of a mile west of the Site, and the closest daycare center is 

34 located approximately three-quarters of a mile northwest of the property. A senior citizen center was 

'i also identified approximately one mile southeast of the Site. No orphaoages, hospitals or nursing 

6 homes were identified within a one mile radius of the Site. Given the distance from the Site to the 

CHAPTER6.RI\HYM 
10/23/96 

6- 13 



EM Science RI Report 
Chapter 6 

October 25, 1996 

1 identified potentially sensitive subpopulations, it is considered unlikely that the Site is impacting the 

2 sensitive subpopulations. As discussed in Chapters 4 and 5, the extent of contamination beneath the 

3 site is well defined and the potential for horizontal or vertical contaminant migration is limited by the 

4 characteristics of the Perched Ground Water System and the Confrning System. Because of the lack 

5 of sensitive receptors or large numbers of residential receptors in close proximity to the Site, the 

6 exposure assessment focuses primarily on exposures in an industrial setting, while also addressing the 

7 limited number of nearby residents. 

8 
9 Potentially exposed populations for this Site include both current and future on-Site and off-Site 

10 populations. Current populations potentially exposed to Site related contamination are EM Science 

11 workers, workers at adjacent properties, residents to the northwest of the facility, persons traveling on 

12 SR 562, railroad employees and trespassers. Future populations potentially exposed to Site related 

13 contamination include workers on Site or on adjacent properties, residences on the Site or adjoining 

14 properties, persons on the Site or adjoining property for recreational purposes, persons traveling on 

15 SR 562, railroad employees and trespassers. 

17 

18 
19 

The populations considered in the BRA were limited to those felt most likely to produce reasonable 

bounds on the potential risks. For the current scenarios, three populations were chosen. These were: 

20 EM Science workers; 

21 trespassers; and, 

22 • reasonable maximum exposure (RME) off-Site receptors. 

23 

24 For the future scenarios, three populations were chosen. These were: 

25 

26 commercial/industrial workers; 

27 construction workers; and, 

28 RME off-Site receptors. 

29 

30 For comparison purposes, residential receptors exposed to perched ground water beneath the Site 

31 were also evaluated. Ground water is not currently used for drinking water purposes at the Site. 

32 Furthermore, legal restrictions on the use of ground water in the cities of Norwood and Cincinnati 

33 decrease the potential for use of perched ground water for potable purposes. For these reasons, the 

34 evaluation of the potential risk from use of ground water is considered to be comparative analysis that 

) is not reflective of existing, or likely future, risks to human health. These exposure scenarios are 

36 consistent with the CSM, as amended during the RL During the course of the Rl, the evaluation of a 
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1 future recreational receptor was deemed to be unnecessary and was eliminated with approval of the 

2 Ohio EPA. No other exposure scenarios were added or eliminated. 

3 

4 The current exposed populations were felt to bound the potential risk posed both to on-Site (EM 

5 Science worker and trespasser) and off-Site (RME off-Site) receptors. The EM Science worker 

6 population is the population that comes into the closest regular contact with the contaminated media 

7 on a regular basis. The RME off-Site receptor scenario was developed to bound the maximum 

8 potential risk to persons who do not access the Site. Populations considered in determination of the 

9 RME off-Site receptor included: 

10 
11 the worker population at an adjacent facility; 

12 the few nearby residences located northwest of the Site; 

13 persons traveling on SR 562; and, 

14 railroad employees. 

15 
'5 A receptor's exposure is dependent both on exposure time, duration, and pathways. The exposure 

'7 pathways for all off-Site receptors were considered to be essentially the same. For this reason, the 

18 exposure time and duration were considered to be the primary factor in determining the RME off-Site 

19 receptor. The population with the greatest exposure time and duration is the nearby resident. For 

20 this reason, the RME off-Site receptor is considered to be the few nearby residents located northwest 

21 of the Site. 

22 

23 The trespasser scenario was designed to conservatively bound the potential risks to persons who 

24 intermittently contact Site media. The receptors evaluated during the formulation of the trespasser 

25 scenario included those EM Science personnel who access the area around the mouth of the West 

26 Ravine, including maintenance personnel who check the operation of the Surnp-562. These receptors 

27 are likely to have a much shorter exposure duration to Site contamination than that hypothesized for 

28 the trespasser. The trespasser receptor is conservatively assumed to be in the area 52 times per year 

29 for an average of 4 hours per visit over 12 years. EM Science maintenance personnel access the 

30 mouth of the West Ravine three times per week for scheduled inspections, spending approximately 

31 one-half hour performing a visual inspection of the Sump-562 operations and occasionally clearing 

32 debris, such as leaves and twigs, from the concrete channel between the Outfall and Sump-562. EM 

33 Science maintenance personnel also access the mouth of the West Ravine for unscheduled maintenance 

34 activities, such as pump or electrical repairs, on an as-needed basis. These unscheduled events occur 

5 approximately 5 to 6 times per year with each event lasting between approximately 2 and 4 hours. 

l6 Visitors and other personnel are uulikely to engage in activities which would result in the exposure to 
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1 Site media hypothesized for the trespasser. It is unlikely that receptors, such as delivery persons, 

2 salespersons or other business visitors, will come into direct contact with either soil/fill or perched 

3 ground water. While maintenance personnel may contact perched ground water discharged from the 

4 Outfall during repair activities, such contact is limited. Therefore, the trespasser receptor scenario, 

5 which assumes a trespasser visits the area 52 times per year for an average of 4 hours per visit over 

6 12 years, also conservatively bounds the potential risk to EM Science maintenance personnel who 

7 access the mouth of the West Ravine and non-EM Science personnel who access the Site, including: 

8 
9 contractors and other visitors who do not engage in excavation activities; 

10 
11 motorists, hitchhikers or other persons who stop in the vicinity of the mouth of the West Ravine; 
12 and, 
13 
14 other persons who come into either regular or occasional, casual contact with the Site. 

15 
16 The future exposed populations chosen to bound the potential risk posed to on-Site and off-Site 

receptors were commercial/industrial workers, construction workers and the RME off-Site receptor. 

18 Exposure of residential receptors to perched ground water was evaluated for comparative purposes 

19 only. The potential risk is greatly influenced by the future use assumed for the property and 

20 surrounding area. The chosen receptors were felt to encompass the potential future uses of the Site. 

21 

22 6.3.2 Exposure Scenarios 

23 

24 Some of the current and future exposure scenarios have either the same or very similar assumptions. 

25 For this reason, several of the scenarios will be discussed jointly with similarities and differences 

26 discussed as shown below: 

27 
28 The on-property worker scenarios (i.e. the EM Science worker scenario and the future 
29 commercial/industrial worker scenario) will be discussed together. The exposure assumptions for 
30 these scenarios are the same, only the exposure point concentrations (EPCs) change. The 
31 difference in current and future scenarios result from the assumption that the Site is entirely 
32 unpaved in the future, while currently existing pavement (see Figure 4-1) is considered in the 
33 evaluation of current EPCs. 
34 
35 The current and future RME off-Site receptor scenarios will also be discussed jointly. Again, the 
36 exposure assumptions for these scenarios are the same, only the EPCs change. 
17 

The trespasser, construction worker, and residential receptor scenarios will be discussed 
3 9 individually. 
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1 Exposure points and pathways will be identified and exposure assumptions will be discussed. 

2 Exposure parameters for all scenarios are given in Table 6-2 for exposure to soil and Table 6-3 for 

3 exposure to ground water. The exposure scenarios will then be discussed in relationship to each of 

4 the six areas of soil contamination and the two ground water groups. While it was stated within the 

5 September 1, 1994 CSM that both central tendency and reasonable maximum exposures would be 

6 evaluated, only the more conservative reasonable maximum exposures were evaluated. 

7 
8 On-Propertv Worker Scenarios 

9 
10 Current EM Science workers are the primary population exposed to on-Site air and soil. While the 

11 future use of the Site is unknown, continuation of the use of the property for commercial/industrial 

12 purposes is the most likely future scenario. Standard, default exposure assumptions have been used 

13 for the characterization of risks to both these populations (see Table 6-2). 

14 
15 It is assumed that on-property workers work in the portion of the Site being evaluated for 8 hours 
'i per day, 250 days per year for 25 years . 
.! 
:8 The workers are assumed to come into direct contact with the soil in unpaved areas of the Site on 
19 a daily basis, resulting in exposure via dermal contact and incidental ingestion routes. They are 
20 also exposed to VOC and fugitive dust emissions. 
21 

22 It should be noted that the assumptions for these scenarios are more representative of conditions for 

23 outside workers than for inside office/factory workers primarily associated with the 

24 commercial/industrial nature of the Site. These assumptions also do not account for snow cover, 

25 precipitation and other factors which limit contact with soil and/or the time spent outdoors. The 

26 conservative nature of these assumptions result in an overestimation of exposure and subsequent risk. 

27 Exposure to perched ground water is not considered reasonable as the facility is currently supplied 

28 with municipal water, and local ordinance prohibits the installation of wells for potable purposes. 

29 Contact with perched ground water is evaluated in other scenarios (i.e. trespasser, construction 

30 worker and residential). 

31 
32 The EM Science worker was evaluated for exposure to current surface soil/fill (i.e. soil from 0 to 2 

33 feet below grade in unpaved areas; see Figure 4-1) in a limited number of the areas of contamination 

34 because of the extensive paving of the Site. These areas are: 

35 

''5 the middle portion of the West Ravine; and, 

·.7 unpaved portion of the East Ravine. 
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1 The presence of pavement will greatly reduce, but not entirely eliminate, volatilization of 

2 contaminants from the ground surface. This potential exposure (i.e. volatization through paved 

3 surfaces), while not quantitatively addressed within this BRA, will be addressed for current conditions 

4 in discussion of the future commercial/industrial worker scenario. This discussion will note the 

5 potential for risk under the assumption that the entire Site is unpaved and qualitatively address the 

6 influence of current pavement on the potential risk. The future commercial/industrial worker is 

7 evaluated for exposure to future surface soil/fill (i.e. soil from 0 to 5 feet below grade), under the 

8 assumption that the entire site is unpaved in: 

9 
10 the upper portion of the West Ravine; 

11 the middle portion of the West Ravine; 

12 the area south of Building 10; 

13 the area south and east of Building 4; and, 

14 · the East Ravine. 

15 
The on-property workers were also evaluated for exposure to Site-wide surface soil/fill. Exposure of 

17 the on-property workers to the mouth of the West Ravine were not evaluated under the exposure 

18 assumptions detailed in this section because of the topography of the area. Risks to on-property 

19 workers from exposure to the mouth of the West Ravine will be considered under the trespasser 

20 scenario. 

21 

22 The potential risks from inhalation of vapors which seep into the buildings through the floor were not 

23 quantitatively evaluated. This exposure pathway is primarily a concern when there are structures 

24 present which have basements. The current buildings in the areas of contamination at EM Science do 

25 not have basements. The volatilization from the unpaved surface, which was quantitatively evaluated, 

26 is likely to be greater than volatilization through the floor of a building. The presence of the floors 

27 within the buildings greatly decreases, but does not entirely eliminate, the potential for seepage of 

28 vapors into the buildings. The industrial nature of the facility results in regular movement of people 

29 and materials in and out of the buildings. Operational and shipping buildings have relatively large 

30 doors to allow for the movement of forklifts and other equipment. These large openings allow for a 

31 great deal of mixing of air within the buildings, decreasing the potential for accumulation of vapors. 

32 Furthermore, the ventilation requirements inherent from the nature of the EM Science facility (i.e. a 

33 chemical processing and distribution facility) have resulted in the need for well ventilated buildings. 

34 The results of these structural and operational considerations are less volatilization than would occur 

through an unpaved surface, extensive mixing of air and low potential for accumulation of vapors. 

36 For these reasons, the quantitative assessment of the potential risk from exposure to compounds 
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1 volatilized from the unpaved surface is considered to conservatively bound the potential risk to 

2 workers who inhale vapors which seep into the buildings. The issue of volatilization and engineering 

3 controls such as buildings and pavement to reduce exposure will be further evaluated, as necessary, in 

4 the Feasibility Study (FS). These engineering controls will be fully evaluated in the analysis of 

5 remedial alternatives in the FS. 

6 
7 Current and Future off-Site RME Receptor Scenario 

8 
9 As discussed in the evaluation of potentially exposed populations, the RME off-Site receptors are 

10 considered to be the few residences located northwest of the Site. Three age groups of residents were 

11 evaluated: 

12 

13 young children up to six years of age; 

14 adolescents from age 7 to 18; and, 

15 adults. 

6 
.7 Residents were assumed: 

18 
19 to Jive at their residence for 30 years; and, 

20 spend 24 hours per day, 350 days per year at home. 

21 

22 The residents were evaluated for inhalation of VOCs and fugitive dust emitted from the Site under 

23 non-excavation conditions. The exposure parameters for the RME off-Site receptor scenario are given 

24 on Table 6-2. The RME off-Site receptors were evaluated for exposure to: 

25 

26 the upper portion of the West Ravine; 

27 the middle portion of the West Ravine; 

28 the mouth of the West Ravine; 

29 the area south of Building 10; 

30 the area south and east of Building 4; and, 

31 the East Ravine. 

32 

33 Potential risks were evaluated for both current conditions and for assumed future conditions, i.e. 

34 under the assumption that the entire Site is unpaved. While the residents may access the Site, either 

'5 legally or illegally, such exposure was considered under the trespasser scenario rather than the RME 

6 off-Site receptor exposure. Therefore, exposure to Site soils and surface waters were not evaluated 
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1 for the RME off-Site receptor population. Residents currently utilize municipal water supplied by the 

2 City of Cincinnati. Therefore, exposure to perched ground water was also considered unlikely and 

3 was not evaluated. 

4 
5 Trespasser Scenario 

6 
7 The trespasser receptor was assumed to have unrestricted access to all areas of the Site during the 

8 exposure periods, including Seep C within the 84-inch sewer. The trespasser was assumed to be 

9 young (7 to 18 years old) as this is the age group considered most likely to engage in this type of 

10 activity. Younger trespassers were not considered likely because of the physical constraints on 

11 gaining access to the Site and the level of supervision presumably occurring for children less than six 

12 years of age. Exposure parameters are given on Tables 6-2 and 6-3. The trespasser was assumed: 

13 
14 to access the Site an average of 52 times per year for an average of 4 hours per time for 12 years 

15 (i.e. from age 7 to 18). 

s 
17 This exposure scenario was formulated based upon the best professional judgement of the risk 

18 assessor. While it is recognized that youthful trespassers engage in activities, such as those 

19 considered in defining this scenario, more frequently than is assumed here, it is consider unlikely 

20 given the number of other potential attractions and the time span considered. The Site is located in an 

21 industrial area with few residents in the immediate vicinity. Furthermore, there are a number of 

22 potentially more attractive locations, including parks and shopping areas, within a mile of the Site. 

23 Public transportation is also available, which would allow young persons to explore other portions of 

24 the Greater Cincinnati Metropolitan area. It is likely that over the course of 12 years, the interests 

25 of the trespassers, and the frequency at which they engage in the activities considered here, will vary 

26 greatly, resulting in wide variations in exposure frequency and time. The exposure assumptions 

27 presented here are intended to conservatively bound the exposure of youthful trespassers without 

28 being unreasonable for the demographic setting of the Site. 

29 
30 Since the Site is currently completely fenced (except for the parking lot area) with 24-hour active 

31 security, the exposure time and frequency were considered to be very conservative. The trespasser 

32 was assumed to be exposed via ingestion and dermal contact pathways to surface soil/fill and via the 

33 inhalation pathways to VOC and fugitive dust emissions from the soil/fill in: 

34 
S the upper portion of the West Ravine (fill within the ravine); 

36 the middle portion of the West Ravine (fill 0 to 2 feet below grade in unpaved areas); 
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1 the area south of Building 10 (soil/fill 0 to 5 feet below grade); 

2 the area south and east of Building 4 (soil 0 to 5 feet below grade); and, 
3 the East Ravine (fill 0 to 2 feet below grade in unpaved areas). 

4 
5 The trespasser was also assumed to be exposed to: 

6 
7 surface soil/fill, VOC and fugitive dust emissions and water from the Outfall pipe and Seep-562 at 
8 the mouth of the West Ravine; and, · 
9 

10 water at Seep C within the 84-inch sewer. 

11 
12 In evaluating the potential for exposure, the quantity of perched water available for contact and the 
13 location of the water were considered as discussed below: 
14 

15 
16 

' 
6 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

36 
37 

Seep-562 is located on the face of the engineered slope from S.R. 562 to the EM Science property 
within the fence. As discussed in Chapter 2, ground water is emitted from Seep-562 very slowly 
( < 0.01 L/min) and the water tends to evaporate or flow to the concrete conduit connected to 
Sump-562. The mass of perched ground water available at Seep-562 for contact is considered to 
be insufficient for direct contact and/or ingestion. For this reason, inhalation of compounds 
volatilized from water emitted at Seep-562 were quantitatively evaluated while exposure via 
ingestion and dermal contact pathways were qualitatively addressed. 

As discussed in Chapter 2, the rate of flow at the Outfall is typically less than 0.5 gpm. During 
rainfall events the rate increases to less than 5 to 6 gpm. There is generally sufficient and 
constant flow of perched ground water available at the Outfall for direct contact and/or incidental 
ingestion. The trespasser is very conservatively assumed to be in contact with the water at the 
Outfall during the entire time which he/she is assumed to be on-Site. 

The 84-inch sewer can not be conveniently accessed directly from the Site except through a few 
man-holes located in the eastern portion of the facility. The trespasser is therefore assumed to 
enter the sewer at the point where it discharges to Duck Creek. Graffiti has been observed in the 
84-inch sewer south of the Site, although none has been observed in the 84-inch sewer beneath 
the Site. 

The trespasser scenario also serves as a conservative upper-bound estimate of the potential risk from 
exposure to the Outfall and Seep-562 for: 

38 the security personnel who monitor the Site; 
i9 

) EM Science maintenance personnel who monitor and maintain Sump-562; 
I 
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1 ODOT personnel who perform maintenance, such as mowing, or other non-excavation activities 
2 along S.R. 562; 
3 
4 motorists who stop or breakdown in the area and any other persons who access the mouth of the 
5 West Ravine. 
6 
7 The trespasser scenario is considered to conservatively bound the potential risks to these receptors for 
8 several reasons, including the exposure time and duration, exposure pathways and physical exposure 
9 parameters. 

10 
11 The exposure duration of these receptors is likely to be much less than that assumed for the 
12 trespasser. ODOT personnel performing such routine activities as mowing are likely to be 
13 exposed during the growing season (May through October) at a frequency that is less than weekly 
14 and are likely to spend less than four hours mowing the approximately 450 feet bordering the 
15 Site. Stranded motorists or hitchhikers are likely to only be exposed for a matter of minutes or 
16 hours once or twice during a year, while"many will only be exposed once during their entire 
17 lifetime. 
18 
19 Other persons exposed to this portion of the Site are unlikely to be exposed via all the pathways 

assumed for the trespasser. EM Science security personnel, ODOT personnel, stranded motorists 
21 and hitchhikers are unlikely to come into direct contact with the surface soil or the water at the 
22 Outfall and, if they do so, such contact is likely to be minimal rather than the 25 percent of the 
23 body area assumed for the trespasser. EM Science maintenance personnel are also unlikely to 
24 come into regular contact with the surface soil or the water at the OutfalL 
25 
26 The EM Science security and maintenance personnel and ODOT personnel are considered to be 
27 adults and will likely have a greater body mass than that assumed for the youthful trespasser. 
28 While the age of a stranded motorist or hitchhiker is less certain, given the short expected 
29 exposure frequency and duration for these receptors, the trespasser scenario is still considered 
30 very conservative. 
31 
32 The trespasser scenario also serves as a conservative upper-bound estimate of the potential risk 

33 exposure to the Site may pose to persons, such as delivery persons, contractors and clients, who 

34 access the Site, either regularly or occasionally, for short periods of time for non-excavation 

35 activities. As these persons are unlikely to come into contact with Site soils or to spend appreciable 

36 time on the Site, the trespasser scenario was determined to be highly conservative. 

37 
38 Construction Worker Scenario 

39 
40 The construction worker was assumed to: 

1. 

42 • engage in excavation activities on-Site for 200 days per year for two years; 
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1 be exposed to subsurface soil/fill via dermal contact, incidental ingestion and inhalation of VOC 
2 and fugitive dust emissions; and, 
3 
4 be exposed to ground water via dennal contact, incidental ingestion and VOC emissions. 

5 
6 Exposure parameters for the construction worker scenario are given on Tables 6-2 and 6-3. The 

7 construction worker was evaluated for exposure to soil/fill and ground water in: 

8 
9 the upper portion of the West Ravine (fill within the ravine); 

10 the middle portion of the West Ravine (subsurface fill in the ravine); 

11 the area along S.R. 562, including the mouth of the West Ravine (subsurface soil/fill less than 16 

12 feet below grade); 

13 the area south of Building 10 (subsurface soil/fill less than 16 feet below grade); 

14 the area south of Building 4 (subsurface soil/fill less than 16 feet below grade); and, 

15 the East Ravine (subsurface fill within the ravine). 

16 
1 Residential Receptor Scenario 

.i8 

19 The potential risk to residential receptors was calculated strictly to provide an indication of the 

20 potential health impacts associated with potable use of Site ground water. Residential development at 

21 the Site is highly uulikely due to the industrial/commercial nature of the Site and zoning restrictions; 

22 therefore, on-Site residential scenarios were not considered to be represent likely future use. 

23 Residents were evaluated for exposure to: 

24 

25 Group I ground water (i.e. ground water unaffected by Site contamination); 

26 Group II ground water (i.e. ground water affected by Site contamination); and, 

27 modeled future ground water concentrations at the eastern property boundary. 

28 
29 Residential receptors were evaluated for exposure via the ingestion, dermal contact and inhalation 

30 pathways. Exposure parameters are given on Table 6-3. The residential receptors were divided into 

31 three age classes: 

32 

33 adults; 

34 adolescents (7 to 18 years old); and, 

35 young children (0 to 6 years old). 
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1 Contaminant concentrations used in the inhalation of VOCs while showering were determined from a 

2 model (Water Contamination and Health, Wang, et a!., 1994). This model treats the bathroom as one 

3 component and yields an air concentration averaged over the time of the actual shower and the time 

4 spent in the bathroom after the shower. This model was derived by assuming the contaminants 

5 volatilize at a constant rate (dependent upon their physical properties), are instantaneously mixed 

6 uniformly with the bathroom air, and that ventilation with clean air does not occur. The model also 

7 assumes that concentrations of contaminants in the air increase linearly from zero, at the start of the 

8 shower, to a maximum at the end of the time spent showering, and then remain constant during the 

9 time an individual spends in the bathroom immediately after the shower. 

10 
11 6.3.3 Exposure Point Concentration Calculation 

12 
13 For soil and perched ground water, exposure point concentrations were calculated for each chemical 

14 detected in a given media in a given area of soil contamination or ground water group. EPCs were 

15 only calculated for compounds which were detected within a given medium (e.g. B(a)P was detected 

S in soil, but not in ground water, therefore, EPCs were calculated for B(a)P in soil in areas of soil 

17 contamination where it was detected, but no EPC was calculated for perched ground water). The 

18 analytical results used to calculate the individual EPCs are given by area of contamination and analyte 

19 in Appendix M. The EPCs were calculated in accordance with Supplemental Guidance to RAGS: 

20 Calculating the Concentration Term (US EPA, 1992e). In the calculation of the EPCs: 

21 
22 the concentration of a compound in a sample where the compound was not detected was assumed 
23 to be one-half the sample quantitation limit; 
24 
25 if a compound was detected in less than 50% of the samples under consideration, then the EPC 
26 was assumed to be the maximum detected value; 
27 
28 if a compound was detected in greater than 50% of the samples under consideration and the 
29 concentration data were normally distributed, then the EPC was the 95% upper confidence limit 
30 (95% UCL) on the arithmetic mean; 
31 
32 if a compound was detected in greater than 50% of the samples under consideration and the 
33 concentration data were lognormally distributed, then the EPC .was the 95% UCL on the mean for 
34 the lognormal distribution; 
35 
36 in accordance with RAGS Section 5.3.2 (U.S. EPA, 1989), if the 95% UCL was greater than the 
37 maximum detected value, then the maximum detected value was used as the EPC; and, 
"8 
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1 if a compound was detected in greater than 50% of the samples under consideration and the 
2 concentration data were neither normally nor lognormally distributed, then the maximum detected 
3 value was used as the EPC. 
4 

5 The use of the maximum detected concentration as the EPC is highly conservative and resulted in the 

6 overestimation of risk, especially in cases where there was a high percentage of non-detects because 

7 of the limited presence of a particular compound. 

8 
9 The influence of elevated SQLs, caused by the presence of multiple or elevated contaminants as 

10 discussed in Section 6.2.1.2, is dependent upon what portion of the contaminant distribution is 

11 masked. 

12 

13 A contaminant may be detected in the area of highest contamination but not on the outer fringes 

14 of the area of contamination. This most frequently occurs with less mobile contaminants. This 

15 masking may result in too few detections to determine the distribution, resulting in the maximum 

16 concentration being used as the EPC, effectively overestimating the EPC. If sufficient detections 

7 to determine a distribution are present, then the EPC is calculated using one-half the SQL for the 

~'8 remainder of the lower, non-detected concentrations. While this is also likely to overestimate the 

19 EPC, the result is likely to be much closer to the EPC which would be calculated if there was no 

20 masking. 

21 
22 A contaminant may be detected in the outer fringes of the area of contamination, but not in the 

23 area of highest contamination. This most frequently occurs with more mobile contaminants. This 

24 masking may result in too few detections to determine the distribution, resulting in the maximum 

25 concentration being used as the EPC. Depending on how much of the contaminant is masked, use 

26 of the maximum value may overestimate, approximate or underestimate the EPC. If sufficient 

27 detections to determine a distribution are present, then the EPC is calculated using one-half the 

28 SQL for the remainder of the more elevated, non-detected concentrations. This result is likely to 

29 be approximate the EPC which would be calculated if there was no masking. 

30 

31 A contaminant may be present in an area of contamination but not detected, thereby preventing 

32 quantitative estimation of any risk to human health which it may pose. 

33 

34 It should be noted that data from all on-Site monitoring wells were used in the calculation of the EPC 

35 for ground water, even though Ohio law limits the installation of potable well intakes to depths 

) greater than 25 feet (unless the only available water occurs at a shallower depth) and prohibits the 
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1 installation of wells within 15 feet of the surface (OAC 3745-9-05 (B)). Wells screened in sand 

2 seams in the Upper Till Unit and in fill are screened at depths of less than 25 feet. Both total and 

3 dissolved metal concentrations, from unfiltered and filtered samples, respectively, were reviewed 

4 during determination of the EPC. Some ground water samples exhibited very high turbidities (> 200 

5 NTUs), as discussed in Chapters 2 and 4. These samples were considered unsuitable for use as 

6 domestic water and the analytical results from the samples for total metals were determined to be 

7 non-representative and were not used in the determination of the EPC. U.S. EPA guidance indicates 

8 that the use of data from filtered samples may underestimate chemical concentrations in ground water; 

9 therefore, the results from unfiltered samples were used to estimate EPC (RAGS Section 6.5 .2) except 

10 in cases where the detection of a metal in unfiltered samples was limited to highly turbid 

11 ( > 200 NTUs) samples and the metal was detected in a filtered sample. Antimony was ouly detected 

12 in unfiltered samples collected from Group I ground water wells that were highly 'turbid and were 

13 detected in filtered samples collected from Group I wells. Therefore, the antimony results from 

14 filtered samples from Group I wells were used to calculate EPC. As discussed in Chapter 4, 

15 dissolved antimony detections may be attributable to sample contamination and are considered 

'i suspect. The effects of turbidity on the estimation of the potential risks is discussed in Section 6.7. 

17 
18 The EPCs for the evaluation of exposure VOC and fugitive dust emissions were taken from the results 

19 of air modeling discussed in Chapter 5 for all areas of contamination and receptors except current on-

20 Site receptors exposed to contaminants volatilized from the water at the Outfall pipe. The air 

21 modeling results provided both annual contaminant concentrations and one-hour contarniruuit 

22 concentrations. Annual contaminant concentrations were used to evaluate the potential risks to 

23 on-property workers and RME off-Site receptors while one-hour contaminant concentrations were 

24 used in the evaluation of the potential risks to trespasser. The modeled air concentrations results 

25 include: 

26 
27 the emissions of VOCs and fugitive dust from unpaved areas for the current exposure scenarios; 
28 
29 the emissions of VOCs and fugitive dust from all areas of soil contamination under the assumption 
30 that the entire Site is unpaved for future exposure scenarios; 
31 
32 the emissions of VOCs from water at Sump-562, (which is considered to include the Outfall and 
33 Seep-562), and at Seep C within the 84-inch storm sewer; and, 
34 
35 the dispersion of contaminants from their point of origin to the RME off-Site receptor. 

36 
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1 The EPCs for the evaluation of the exposure to VOCs emitted from the water discharged by the 

2 Outfall pipe were calculated using the analytical results from the air samples. These results were used 

3 for the evaluation of the potential risks to trespassers and construction workers in the area of the 

4 mouth of the West Ravine. Ten air samples in all were collected as detailed in Section 2.7: seven 4-

5 hour composite samples taken in or near the mouth of the West Ravine; a 4-hour composite sample 

6 taken at the Outfall pipe; and, two grab samples taken at the Outfall pipe for which the pipe was 

7 baffled prior to sample collection. The 4-hour composite samples taken in or near the mouth of the 

8 West Ravine (hereafter referred to as proximal composite samples) were considered to be the most 

9 representative of probable air concentrations. The EPCs used for detected compounds were the 95% 

10 UCLs on the mean of the concentrations in the seven proximal composite samples. Several 

11 compounds were detected in samples taken at the end of the Outfall pipe, but not in the proximal 

12 composite samples. For the purposes of completeness, the potential for risks were calculated using 

13 the detected concentration in the 4-hour composite sample taken at the end of the Outfall pipe or, if 

14 the compound was not detected in any composite sample, the maximum detected concentration in the 

15 grab samples taken at the end of the Outfall pipe. It should be cautioned that results of the samples 

-; taken at the end of the Outfall pipe can not be considered representative of the concentration in the 
7 breathing zone for the following reasons: 

18 
19 significant dispersion and dilution are likely to occur, as was observed for compounds detected in 
20 both the samples from the Outfall and in the proximal composite samples (see discussion of air 
21 data in Section 4.6.1.3); and, 
22 
23 the baffling of the Outfall pipe resulted in a build up of contaminants, something that would not 
24 occur unless the receptor similarly baffled the pipe (e.g. the receptor put a plastic bag on the end 
25 of the pipe and then breathed air from the bag), which is not considered to be a reasonable 
26 exposure assumption. 
27 

28 EPCs for inhalation of contaminants emitted from soil and perched ground water during excavation 

29 activities were not calculated. Such calculations would require specific assumptions as to the method 

30 of excavation, the depth and area of excavation and other factors related to specific excavation 

31 activities. Instead, a qualitative comparison of the potential emissions during non-excavation and 

32 excavation activities was used to assess the potential risk from exposure to compounds emitted from 

33 soil and a qualitative comparison of the potential emissions during showering and excavation activities 

34 was used to assess the potential risk from exposure to compounds emitted from water. The 

35 contribution of risk from the inhalation pathway in the construction worker scenario did not 

36 substantially affect the conclusions of this report, this qualitative comparison was considered sufficient 
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1 for the purposes of the BRA. More detailed evaluation of the risk from excavation activities will be 

2 conducted for specific excavation scenarios within the FS as appropriate. 

3 
4 Although the concentrations of Site contaminants are likely to decrease over time without any active 

5 remediation due to degradation, migration, or intrinsic remediation, no attenuation of the 

6 concentrations for future exposures was considered in the BRA. No fate and transport mechanisms 

7 were evaluated other than potential migration of Site-related COCs off-Site due to blowing of fugitive 

8 dust and vapors, and migration of perched ground water. Because COC concentrations would 

9 normally be expected to decrease over time (which would decrease potential health risks), use of 

10 current conditions for future exposures is a conservative approach and is expected to over estimate 

11 potential health risks. 

12 

13 6.4 Toxicity Assessment 

14 
15 The purpose of the toxicity assessment is to sununarize health effects that could potentially result from 

exposure to a particular chemical. Both carcinogenic and non-carcinogenic effects are discussed, and 

17 reference doses (RIDs) and cancer slope factors (CSFs) were utilized when available. The RID is 

18 defined as an estimate of the daily exposure of the human population to a particular compound that is 

19 likely to be without an appreciable risk of adverse non-cancer health effects. The RID was derived to 

20 protect sensitive subpopulations and has an uncertainty spanning at least one order of magnitude 

21 (U.S. EPA, 1989e). The CSF quantitatively defmes the dose-response relationship for potential 

22 carcinogens (U.S. EPA, 1989e). CSFs are-upper bound estimates of the carcinogenic risk to hmnans 

23 associated with exposure to a particular chemical. Slope factors are estimated through the use of 

24 extrapolation models, such that true risk to humans is not expected to exceed the CSF (U.S. EPA, 

25 1989e). In assessing a chemical's potential for carcinogenic effects in humans, the U.S. EPA has 

26 developed the following classes, known as the "weight-of-evidence" classes (U.S. EPA, 1989e): 

27 
28 Class A: Human Carcinogen. Indicates sufficient evidence of carcinogenicity in hmnans. 
29 
30 Class B: Probable Human Carcinogen. 
31 B 1 : Indicates limited evidence of carcinogenicity in humans. 
32 B2: Indicates sufficient evidence of carcinogenicity in animals with inadequate or Jack 
33 of evidence in humans. 
34 
35 • Class C: Possible Human Carcinogen. Indicates limited evidence of carcinogenicity in animals 
16 and inadequate or Jack of human data. 

38 • Class D: Not Classifiable as to Human Carcinogenicity. Indicates inadequate or no evidence. 
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1 • Class E: Evidence of Noncarcinogenicity for Humans. Indicates no evidence of carcinogenicity 
2 in adequate studies. 
3 
4 The U.S. EPA performs quantitative cancer risk assessments for chemicals in Classes A and B and, 

5 on a case-by-case basis, for chemicals in Class C in order to determine CSFs. 

6 
7 Default values for RIDs and CSFs are available through IRIS, an electronic database maintained by 

8 the U.S. EPA, and HEAST. IRIS, which is updated monthly, is the official repository of health risk 

9 and regulatory information for chemicals and has been verified by all pertinent U.S. EPA 

10 workgroups, such as the Carcinogen Risk Assessment Verification Endeavor (CRAVE) workgroup 

11 (U.S. EPA, 1989e). HEAST is a comprehensive listing of provisional risk assessment information. 

12 While information in HEAST has the concurrence of individual U.S. EPA program offices, it has not 

13 yet had U.S. EPA Agency-wide verification (U.S. EPA, 1989e). 

14 

15 The toxicity assessment presents a range of effects that are associated with available human and 

16 animal data. Human health risks potentially associated with exposures to chemicals are best 

determined by examining human data, such as epidemiological studies. However, human toxicity data 

,8 adequate to serve as the sole basis of dose-response assessments are available for only a few 

19 chemicals (U.S. EPA, 1989). Therefore, toxicological information for most chemicals must be 

20 inferred from animal experiments. 

21 
22 Thirty of the 47 (see Table 64) COCs identified at the EM Science Site have been observed to 

23 display the potential for carcinogenic effects via one or more of the relevant exposure pathways under 

24 consideration (U.S. EPA, IRIS, 1995). The U.S. EPA has derived RID and/or CSF values for all of 

25 the identified noncarcinogenic and carcinogenic COCs (see Table 64). Detected SSPL constituents 

26 for which no U.S. EPA approved RID or CSF was available are given in Table 6-5. 

27 

28 Lead does not currently have an U.S. EPA approved RID or CSF. Detected lead concentrations were 

29 compared to a soil lead level of 400 mg/kg, which is considered the concentration level required to 

30 produce blood lead levels of 10 1-'g/dL (the EPA blood lead level of concern, U.S. EPA 1994) per 

31 Ohio EPA guidance (Ohio EPA, 1995). Ground water concentrations are compared to the U.S. EPA 

32 MCL of 15 1-'g/L for lead for comparison purposes. 

33 
34 Two groups of compounds were evaluated through the use of Toxicity Equivalence Factors (TEFs). 

Vi These groups were D/F and PAHs. The toxicity of dioxin and furan congeners is under extensive 

investigation. U.S. EPA (1987, 1989) has conducted several evaluations of dioxin toxicities. The 
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1 toxicity of the detected D/F congeners will be evaluated through the use of TEFs as per interim 

2 Procedures for Estimating Risks Associated with Exposures to Mixtures of Chlorinated Dibenzo-p-

3 Dioxins and -Dibenzofurans (CDDs and CDFs) and 1989 Update (U.S. EPA, 1989d). The toxicities 

4 of P AHs were evaluated according to the Provisional Guidance for Quantitative Risk Assessment of 

5 Polycyclic Aromatic Hydrocarbons (U.S. EPA, 1993). 

6 
7 6.5 Risk Characterization Results 

8 
9 The objective of the risk characterization process was to estimate the overall potential adverse health 

10 effects to the identified receptors by utilizing the exposure and toxicity assessments. The risk 

11 characterization for the EM Science Site was based on the analytical data generated during the RI, the 

12 exposure scenarios presented in the exposure assessment and the RIDs, and CSFs identified in the 

13 toxicity assessment. 

14 
15 The risk characterization provided numerical estimates of risk and a framework to assist in 

) determining the significance of the risk results. Example calculations for each of the exposure 

. 1 7 pathways are given in Appendix M. The risk estimates are discussed within the context of their 

18 associated uncertainties in an attempt to bound the potential for adverse health impacts. The 

19 calculated estimates of the ELCR and HI were compared to U.S. EPA and Ohio EPA guidance levels, 

20 and COCs and exposure pathways which are predominant contributors to the potential risks identified. 

21 The risk characterization results for each of the two ground water groups were pertinent to more than 

22 one area of soil contamination. For this reason, the ground water risk results, summarized in Tables 

23 6-6 through 6-9, are reviewed first. The risk characterization results for all environmental media are 

24 then discussed in relationship to the six areas of soil contamination. 

25 
26 In the evaluation of the risk results for each ground water group and area of soil contamination, the 

27 methodology used to determine the EPC, exposure assumptions and field conditions were reviewed to 

28 assess the representativeness of the risk results. For example, some chemicals were only detected in 

29 very turbid ground water samples or in samples collected from thin saturated sand seams which have 

30 very low yield capacity. Other chemicals were only detected in monitoring wells screened at depths 

31 less than 25 feet, some of which were screened in the backfill of sewer lines. As mentioned in 

32 Section 6.3.3, it is illegal in Ohio to install wells for domestic water at depths less than 25 feet. 

33 Certain contaminants were detected in single soil samples orders of magnitude higher than they were 

34 detected in any other soil samples. These detections, in some cases, had an influence on the EPC 

) which was not representative of their true potential for risk . 

.:;6 
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3 As discussed previously, analytical data from perched ground water samples collected during the RI 

4 were distributed between two groups based upon the designation of the monitoring well from which 

5 the sample was collected. There were no consistent detections of non-background compounds in the 

6 Group I wells; while, the Group II wells had detections of constituents from all the SSPL contaminant 

7 groups. Modeling was also conducted to conservatively bound potential risks from contaminants 

8 migrating in Perched Zone II to the eastern property line (in the absence of P6A), as discussed in 

9 Chapter 5. As will be detailed below; no significant risk concerns from exposure of either residential 

10 or construction worker receptors to Group I ground water were identified. Evaluation of exposure of 

11 all receptors to Group II ground water, on the other hand, resulted in potential risks greater than the 

12 levels of regulatory concern (i.e. HI equal to one and ELCR greater than the range of 104 to 10~), 

13 primarily from VOCs. Characterization of the potential risks from exposure to water from the Outfall 

14 and Seep-562 and VOCs emitted from Seep C in the 84-inch sewer did not reveal the potential for 

15 unacceptable risks. The risk characterization results for future ground water indicates that the 

S potential for significant risks, primarily from VOCs, exists should perched ground water east of the 

7 property be used for potable purposes. 

18 
19 6.5.1.1 Group I Ground Water 

20 
21 The results for the Group I ground water are presented in Appendix M-1 and summarized on 

22 Table 6-6. In interpreting the risk characterization results, the field conditions associated with the 

23 ground water samples, the methodology used to determine the EPC and other relevant information 

24 should be considered. Most SSPL compounds detected in Group I ground water had very low 

25 frequencies of detections, or were associated with. monitoring wells screened in shallow and/or low 

26 yielding saturated sand seams or elevated sample turbidity. These geologic and/or field conditions 

27 would preclude the use of the water for domestic use. While the risk characterization results for the 

28 residential scenario indicated a potential risk greater than the levels of regulatory concern, closer 

29 examination revealed that was not the case, as discussed below. The risk characterization results for 

30 the construction worker scenario show no potential for risk greater than the levels of regulatory 

31 concern. 

32 

33 Residential Scenario for Group I Ground Water 

34 
'5 The results of the evaluation of potential health risks to residents from exposure to perched ground 

6 water from Group I wells showed: 
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1 the ingestion of metals in ground water was the primary contributor to risk. The primary 

2 contributors to risk were antimony, arsenic, cadmium and nickel. Metals contribute greater than 

3 99% of the total HI and 83% of the total ELCR. When the noncancer risk from ingestion of 

4 metals is excluded, the total HI is less than one, signifying that metals are the only significant 

5 contributors to the potential for adverse, noncancer health affects. 

6 
7 The following issues were reviewed in the evaluation of the actual potential for risk: 

8 
9 Antimony contributed His between 0.40 and 1.2. As discussed in Section 4.2.2, there was no 

10 evidence of antimony contamination in ground water except at MW18, a Group 11 well. As 
11 discussed in Section 6.2, dissolved antimony results were used to determine the EPC. As detailed 
12 in Section 4.2.2, dissolved antimony results are considered suspect and possibly attributable to 
13 contamination from the field filtering device. The dissolved antimony results are considered 
14 suspect because antimony was detected in many filtered ground water samples, including field 
15 blanks, but not in the corresponding unfiltered samples. Most of these results were qualified as 
16 nondetects during data validation and the remaining detections are considered suspect. 
17 

Arsenic contributed His between 0.68 and 2.0. As discussed in Section 4.2.2, detections of 
19 arsenic were correlated to turbidity. Also, the samples with turbidities less than 200 NTUs in 
20 which arsenic was detected were collected from wells that are screened in saturated zones that are 
21 very low yielding and/or too shallow to be legally usable as sources of domestic water. 
22 
23 Cadmium yielded His between 0.69 and 2.0. As discussed in Section 4.2.2, detections of 
24 cadmium in ground water are considered to be attributable to turbidity affects. The samples in 
25 which cadmium was detected were collected from up gradient wells screened in very low yielding 
26 saturated zones which are too shallow to be legally used as sources of ground water. 
27 
28 Nickel yielded His of 0.99 to 2.9. As discussed in Section 4.2.2, nickel detections were 
29 consistent with background with the exception of samples collected from MWl (a Group I well) 
30 and PS and MW504 (Group 11 wells). MWl is an upgradient, very low yielding well screened 
31 within a saturated zone that is too shallow to be legally usable as a source of water for domestic 
3 2 purposes. 
33 

34 Ingestion of antimony, arsenic, cadmium and nickel account for virtually all ( > 99%) of the total HI 

35 from Group I ground water for all age groups in the residential scenario. However, all detections of 

36 these metals were: 

37 
38 consistent with background concentrations; and/or 
39 
'') were in samples collected from wells that are very low yielding and/or are screened in perched 
" ground water units that are too shallow to be legally used as sources of domestic water. 
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1 A review of the potential risks calculated for organic compounds in Group I water shows: 

2 

3 Bis(2-chloroethyl)ether accounts for approximately 10% of the total ELCR from ingestion. 
4 However, it was only detected once in a sample from well that is too shallow to be legally used 
5 for household purposes; 
6 
7 1 ,2-DCA, (the only other compound with ELCR results within the 104 to 10-" range from the 
8 ingestion pathway and the primary contributor to ELCR from the inhalation pathway), was 
9 detected in samples collected from low yielding wells that are too shallow to be legally used as 

10 sources of domestic water; and, 
11 
12 Chloroform, the other major contributor to the ELCR from inhalation exposure, and 
13 chlorobenzene were detected in single samples collected from wells that are low yielding and/or 
14 too shallow to be legally used as a source of domestic water. 
15 
16 The apparent total mass of contaminants present should also be considered. All detections of organic 

17 compounds in Group I wells were inconsistent (i.e. the compounds were not detected in samples 

'8 collected from a given ground water sampling location during multiple sampling events) and relatively 

/1 low level ( < 100 1-'g/L), and most detections were from low yielding perched ground water zones. 

20 The limited mass of organic compounds, especially VOCs, detected in the Group I ground water lead 

21 to the conclusion that the potential for significant risk to residential receptors via the inhalation 

22 pathway does not exist. Furthermore, the legal restrictions on use of the shallow perched ground 

23 water zones in which the organic compounds were detected further decrease the potential for exposure 

24 to residential receptors, thereby minimizing the potential for any adverse health impacts. 

25 
26 As discussed above, the potential for significant risk above background to a residential receptor from 

27 exposure to water from Group I wells does not exist. This conclusion was based on: 

28 
29 Detections of antimony, arsenic, cadmium and nickel in ground water samples collected from 
30 Group I wells met some or all of the following conditions: 1) the concentrations were consistent 
31 with background concentrations; 2) the wells from which the samples were collected are not 
32 legally usable as sources of domestic water; and/or, 3) the wells from which the samples were 
33 collected were screened in low yielding zones of perched ground water. 
34 
35 Detections of bis(2-chloroethyl)ether, 1 ,2-DCA, chlorobenzene and chloroform were detected in 
36 ground water samples collected from Group I wells which could not legally be used as sources of 
37 water for domestic purposes. Most of these wells were also very low yielding. 
38 
'~9 All other detected SSPL compounds did not result in significant risk. 

0 

CHAPTER6.RI\HYM 
10123/96 

6- 33 



1 Construction Worker Scenario for Group I Ground Water 

2 

EM Science RI Report 
Chapter 6 

October 25, 1996 

3 The risk characterization results for the ingestion and dermal contact pathways in the construction 

4 worker scenario showed the HI to be less than one and the ELCR to be less than 10-6. As a result the 

5 potential for significant risks does not appear to exist to persons performing activities consistent with 

6 the assumptions of the construction worker scenario from exposure to Group I ground water via the 

7 ingestion and dermal contact pathways. The risk from the inhalation of VOCs emitted from perched 

8 ground water during excavation activities was not quantitatively evaluated. In the evaluation of the 

9 risks from inhalation of compounds emitted from perched ground water the following items were 

10 considered: 1) none of the VOCs detected in Group I wells were consistently detected during the Rl; 

11 2) most detections were in very low yielding wells; and, 3) the potential for significant risk from the 

12 inhalation of VOCs during showering is not considered to exist as discussed above. 

13 
14 Conclusions for Group I Ground Water 

15 
) The potential for significant risk above background to either the construction worker receptor or the 

17 residential receptor was not found to exist. This conclusion was based on the fact that SSPL 

18 constituents were only detected sporadically and at low levels in Group I ground water. 

19 
20 These risk determinations were further supported by the fact that all detections met some or all of the 

21 following conditions: 

22 
23 the concentrations were consistent with background concentrations; 
24 
25 the detections were associated with elevated sample turbidity; 
26 
27 the ground water zones from which the samples were collected are too shallow to be legally 
28 usable as sources of domestic water; and/or, 
29 
30 the ground water zones from which the samples were collected are very low yielding. 

31 
32 6.5.1.2 Group II Ground Water 

33 

34 The results of the risk characterization of Group II ground water are presented in Appendix M-2 and 

35 sununarized in Table 6-7. As can be seen from this table, the hypothetical exposure of future 

"6 construction workers to Site ground water during excavation and the hypothetical exposure of resident 

~ 7 to ground water used for general household purposes yield unacceptable risk results. It ·can also be 
' 
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1 seen that VOCs contribute 93% or more of both the total HI and the total ELCR for the evaluation of 

2 potential residential exposure to ground water represented by Group II wells. They are also the. most 

3 widely detected SSPL compounds in Group II wells. 

4 
5 Residential Scenario for Group II Ground Water 

6 
7 A review of the risk characterization results for the residential exposure scenarios shows that for 

8 VOCs in Group II ground water: 

9 
10 Acetone, chloroethenes (1,2-DCE, PCE), chloromethanes (carbon tetrachloride, chloroform and 
11 methylene chloride), ethylbenzene, toluene and xylenes are present in sufficient concentrations to 
12 potentially result in adverse, noncancer health affects in some or all of the age groups evaluated. 
13 
14 1,4-dioxane, benzene, chloroethanes (1,2-DCA), chloroethenes (TCE and vinyl chloride), 
15 chloromethanes (carbon tetrachloride, chloroform and methylene chloride) yield ELCRs greater 
16 than 104 for some or all scenarios. Ingestion of these yield total ELCR on the order of 
17 10·2 to w·• for all age groups evaluated. 

' ) 
!9 1 ,2-dichloropropane and PCE yield ELCR within the 10·' to 104 risk range for some or all age 

20 groups evaluated. 
21 

22 A review of the risk characterization results for non-VOC SSPL constituents shows: 

23 

24 The potential for adverse, noncancer health affects from ingestion of acid extractable SVOCs 
25 exists. However, detections of acid extractable SVOCs which contributed significantly to the HI 
26 are largely limited to perched ground water within the fill of the West Ravine with a few 
27 detections in the Upper Sand Unit (at MW35) and iu the Lacustrine Unit off-property (at 
28 MW503). 
29 
30 The potential for adverse noncancer health affects from ingestion of, or dermal contact with 
31 base/neutral SVOCs exists. However, base/neutral SVOCs which contributed significantly to the 
32 HI and/or ELCR are largely limited to perched ground water within the fill of the West Ravine 
33 with a few detections in the Upper Sand Unit (at MW35) and in the Lacustrine Unit beneath the 
34 fill of the West Ravine (at MW8). 
35 
36 Metals contribute to both the noncancer risk and the ELCR. The SSPL metals which contribute 
37 the most to the noncancer risks are arsenic and barium while arsenic contributes the most to the 
38 ELCR. 
39 

'0 Perched ground water within the fill of the West Ravine is considered unacceptable for general 
1 household use and the quantity of SVOCs present in the remaining water represented by the Group II 
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1 wells is very limited. For these reasons, the potential for acid extractable SVOCs and base/neutral 

2 SVOCs to pose unacceptable risks to hypothetical residential receptors is not considered to exist. AB 

3 discussed in Section 4.2.2, there is an empirical correlation between detections of arsenic and barium 

4 in perched ground water and the presence of VOCs. Arsenic and barium were only detected in the 

5 presence of VOCs or elevated sample turbidity. For this reason, while there are unacceptable risks 

6 from exposure of hypothetical residential receptors to the metals in Group II ground water, these risks 

7 are considered to be indirectly attributable to the VOCs detected. 

8 

9 Construction Worker Scenario for Group II Ground Water 

10 

11 VOCs contribute 95% of the total HI and 93% of the total ELCR in the construction worker scenario. 

12 A review of the risk characterization results for the construction worker exposure scenarios shows that 

13 for VOCs: 

14 
15 Acetone, chloroethenes (1,2-DCE), chloromethanes (carbon tetrachloride, chloroform and 
'"i methylene chloride) and toluene are present in sufficient concentrations to potentially result in 

/ adverse, noncancer health affects. 
18 
19 1,4-Dioxane, benzene, chloroethanes (1,2-DCA), chloromethanes (carbon tetrachloride, 
20 chloroform and methylene chloride) and chloroethenes (PCE, TCE and vinyl chloride) yield 
21 ELCR within the 1 0_. to 104 risk range with the total ELCR of 4. 88 x 10·3• 

22 

23 The HI is 13.16 and ELCR is 3.35 x 104 from exposure to non-VOCs. A review of the risk 

24 characterization results for non-VOC SSPL constituents shows: 

25 

26 The potential for adverse, noncancer health affects from ingestion of acid extractable SVOCs 
27 exists. However, detections of acid extractable SVOCs which contributed significantly to the HI 
28 are largely limited to water within the fill of the West Ravine with a few detections in the Upper 
29 Sand Unit (at MW35) and in the Lacustrine Unit off-property (at MW503). 
30 
31 The potential for adverse noncancer health affects from ingestion of, or derntal contact with 
32 base/neutral SVOCs exists. However, base/neutral SVOCs which contributed significantly to the 
33 HI and/or ELCR are largely limited to water within the fill of the West Ravine with a few 
34 detections in the Upper Sand Unit (at MW35) and in the Lacustrine Unit beneath the fill of the 
35 West Ravine (at MW8). 
36 
37 Metals contribute to both the noncancer risk and the ELCR. The metals which contribute the 
38 most to the noncancer risks are arsenic and barium while arsenic contributes the most to the 

I ELCR. As discussed in Section 4.2.2, there is an empirical correlation between detections of 
,.J arsenic and barium in perched ground water and the presence of VOCs. Arsenic and barium 
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1 were only detected in the presence of VOCs or elevated sample turbidity. For this reason, the 
2 risks from arsenic and barium are considered to be indirectly attributable to the VOCs detected. 
3 
4 Since construction workers may be exposed to shallow perched ground water that is not suitable for 

5 domestic use, the potential for risk from compounds, such as SVOCs, that are largely restricted to 

6 water within the fill of the West Ravine can not be dismissed. It must be remembered that the 

7 assumed rate of daily ingestion rate of ground water is representative of the incidental ingestion of 

8 water by someone swimming for one hour. It is also assumed that the workers come into direct 

9 dermal contact with the water each day they are on-Site. More realistic exposure assumptions are 

10 nnlike!y to reduce the total risks below levels of regulatory concern. However, it should be 

11 considered that: 

12 
13 Construction workers do not routinely spend the entire 200 days per year for two years engaged 
14 in excavation activities that result in continuous contact with soil and ground water; 
15 
16 SVOCs are largely limited to water within the fill of the West Ravine; 
'7 

J Water within the fill of the West Ravine represents a small portion of all the water represented by 
9 the Group II wells; and, 

20 
21 The quantity of perched ground water within the fill of the West Ravine is limited (all wells 
22 screened in the fill of the West Ravine, except MW4, went dry during sample purging). 
23 

24 It is therefore concluded that while the potential for risk from non-VOCs does exist, it is very limited. 

25 As discussed in Section 6.3, the inhalation pathway was not quantitatively evaluated for the 

26 construction worker scenario. However, as the risk levels from the ingestion and dermal contact 

27 levels already result in the conclusion that the potential for significant risk exists, the addition of risk 

28 from the inhalation pathway would not alter this conclusion. Given the elevated risk levels calculated 

29 for the adult resident showering in Group II ground water (HI of 2.9 and ELCR of 5.4 x 10"2
), it is 

30 considered possible that excavation activities which result in the agitation of perched ground water or 

31 the formation of bodies of water could result in unacceptable risks to construction workers or other 

32 nearby workers. For these risks to occur, the mass of contaminated water available for agitation must 

33 contain sufficient mass of VOCs to result in risks of concern and bodies of water must have sufficient 

34 surface area to allow for extensive volatilization. The Upper Sand Unit, which is approximately 30 

35 feet below grade, is considered to be the shallowest saturated unit with sufficient mass of 

36 contaminants and water for these risks to occur. The potential exists that if a large body of 

17 contaminated water formed during excavation activities and was agitated by construction activities 

J under attnospheric conditions which promote volatilization with limited dispersion, (i.e. high 
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1 temperatures with low wind), VOCs volatilized from the water could pose unacceptable short term 

2 risks to both on Site workers and workers or residents at nearby properties. In this case also, the 

3 Upper Sand Unit is considered to be the shallowest saturated unit with sufficient mass of both water 

4 and contaminants to result in the necessary conditions for this risk to occur. 

5 
6 Conclusions for Group II Ground Water 

7 
8 From the evaluation of the potential risk from Group II ground water, it is concluded that the 

9 potential for unacceptable risks exists should the perched ground water be accessed for general 

10 household use. These risks result, either directly or indirectly, from VOCs. The potential for 

11 significant risk to residential users from SVOCs is not considered to exist because the detection of 

12 SVOCs was largely limited to water that is not suitable for general household use (i.e. water within 

13 the fill of the West Ravine). The potential risks from arsenic and barium are considered to be 

14 indirectly attributable to the presence of VOCs. It is also concluded that the potential for 

15 unacceptable risks exist for construction workers who either come into repeated, direct contact, either 

'i through ingestion or dennal contact, with contaminated ground water or who inhale contaminants 

17 volatilized from the water. Furthermore, if a large body of contaminated water was allowed to 

18 accumulate under conditions which promoted volatilization with limited dispersion, (i.e. agitation, 

19 high temperatures and low wind), both on-property and off-property receptors could be exposed to 

20 unacceptable risks. The potential for these risks is considered to exist only if excavation activities 

21 access the Upper Sand Unit. 

22 

23 6.5.1.3 Seep-562 and Outfall 

24 

25 It is assumed that the trespasser is exposed to perched ground water discharging from the Outfall via 

26 the ingestion, dennal contact and inhalation pathways. The trespasser is also assumed to be exposed 

27 to Seep-562 via the inhalation pathway. Given the relative proximity of the two discharge points, 

28 they were evaluated jointly. The results of the risk characterization are given in Appendix M-3 and 

29 M-4 and summarized on Table 6-8. As can be seen from Table 6-8, the HI is less than one. The 

30 ELCR results are within the 10-6 to 104 risk range with the ingestion and dennal contact pathways 

31 contributing the majority of the risk. Major contributors to the total ELCR include chloroform, 

32 1,2-DCA, and arsenic. The presence of arsenic in samples collected from the Outfall is considered to 

33 be the result of the enhanced solubility of arsenic, as discussed in Section 4.2.2. The enhanced 

34 solubility of arsenic was observed in perched ground water within the fill of the West Ravine, which 

'5 is considered to be the source of the ground water discharging at the Outfall. Therefore, even though 
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1 arsenic is a major contributor to the ELCR, the cause of the primary cause of the ELCR is considered 

2 to be VOCs. 

3 
4 As discussed in Section 6.2, VOCs that were only detected in air samples taken at the end of the 

5 Outfall pipe itself and not in the proximal composite samples were evaluated. As can be seen from 

6 Appendix M-3, the evaluation of the potential risks from these compounds results in a total HI of 

7 5.47 for the construction worker and 1.01 for the trespasser, primarily from 1,2,4-trichlorobenzene. 

8 While these results appear to indicate that the potential for adverse, noncancer health affects does 

9 exist, it must be remember that these results assume the receptor breaths the 1 ,2,4-trichlorobenzene 

10 concentration present at the end of the Outfall pipe after baffling. When the Outfall pipe was not 

11 baffled, 1 ,2,4-trichlorobenzene concentration decreases to less than the detection limit (4.0 mg/m3 in 

12 the Outfall composite sample and..:;. 1.0 mg/m3 in the proximal composite samples). A reduction of 

13 the EPC from the 6.8 mg/m3 detected in the baffled grab sample to 1.0 mg/m3 results in a reduction 

14 of the HI below one. 

15 
) 6.5.1.4 Seep C in 84-inch Storm Sewer 

:7 

18 The trespasser scenario was evaluated for exposure to Seep C in the 84-inch storm sewer. The 

19 current rate at which perched ground water enters the 84-inch sewer at Seep C is very low ( < 0.005 

20 Llmin). It is uncertain if this seepage rate is representative of the range of the seepage rate at Seep C 

21 since the installation of the French Drain and P6A interim actions. However, it is highly probable 

22 that the seepage range has been reduced. This infiltration rate was considered too low to result in 

23 ingestion. Exposure via dermal contact is also considered to be negligible. Therefore, inhalation was 

24 the only pathway quantitatively evaluated for Seep C in the 84-inch Sewer. All VOCs were assumed 

25 to volatilize into the 84-inch Sewer. As seen on Table 6-8, the HI is less than one and the ELCR is 

26 less than 1 O"' from exposure to Seep C. It should be emphasized that it is assumed that the trespasser 

27 inhales the contaminants volatilized from Seep C during the entire time that he/she is assumed to be 

28 exposed to the Site. It is considered unlikely that a trespasser would access the 84-inch sewer, 

29 consistently, an average of 52 times a year, for an average of 4 hours at a time over a twelve year 

30 time period. Therefore, the potential for significant risk to persons engaged in activities consistent 

31 with the assumptions of the trespasser scenario is not considered to· exist. 

32 

33 
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3 The migration of contaminated perched ground water to the eastern property boundary was modeled 

4 as discussed in Chapter 5. The migration of ground water contaminants was modeled to the area near 

5 MW 42. A residential receptor was assumed to install a well for general household use in Perched 

6 Zone II in the area to which contaminant migration was modeled. It should be noted that while 

7 Perched Zone II is deep enough to meet the State of Ohio requirements for the installation of a 

8 potable water well, the eastern property boundary is within the limits of the City of Cincinnati. The 

9 City of Cincinnati prohibits the installation of wells for household use. It would, therefore, be illegal 

10 for a well, such as the one hypothesized for this scenario, to be installed. 

11 
12 The results of the risk characterization for potential ground water contaminant concentrations at the 

13 eastern property line are given Appendix M-5 and summarized on Table 6-9. It should be noted that 

14 the HI exceeds one for ingestion for all age groups and for dermal contact for children ages 0 to 6 

15 and 7 to 18 years of age. The ELCR exceeds the 10·6 to 10-4 risk range for all scenarios, primarily 

> from exposure via the ingestion and inhalation pathways. These results assume: 

17 
18 that length of time required for the contaminants to migrate (20 to 60 years) has elapsed; and, 
19 
20 no degradation has taken place during this time period. 

21 
22 As discussed in Chapter 5, the modeling results are very conservative and should be considered to be 

23 a limiting upper bound on the potential contaminant concentrations. It is therefore concluded that 

24 while the potential for significant risk from exposure to perched ground water contaminants which 

25 migrate to the eastern property boundary does exist, it is very limited for the following reasons: 

26 

27 it is illegal to install a well for household use within the City of Cincinnati limits; 
28 
29 the potential for migration is limited by existing interim actions, making it uncertain if 
30 contaminants would ever reach the eastern property boundary; and, 
31 
3 2 the concentration of the compounds which were determined to potentially pose significant risks 
33 would likely decrease during transport as a result of naturally occurring degradation. 
34 
35 
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3 The risk characterization results for each of the six areas of soil contamination are detailed below. 

4 Relevant perched grouod water and air risk results are discussed in conjuoction with risk results from 

5 soil exposure pathways to determine a complete risk characterization of each exposure scenario. A 

6 Site-wide perspective of the risk from exposure of the Site as a whole was also done and will be 

7 discussed. 

8 
9 6.5.2.1 Upper West Ravine 

10 

11 No surface soil data were collected from the upper West Ravine secondary contaminant source area. 

12 For this reason, the soil concentration for all scenarios which consider exposure to surface soils used 

13 the same EPC as those scenarios which consider exposure to subsurface soils. Also, the entire upper 

14 portion of the West Ravine is under pavement. Poi: this reason, all scenarios which consider 

15 exposure to soil are considered to be future scenarios. The presence of pavement also results in the 

) evaluation of exposure to fugitive dust in future scenarios only. Group I wells were used to represent 

7 perched ground water in the upper portion of the West Ravine. While no exposure is currently 

18 considered to exist, the trespasser scenario was evaluated, using future soil and air EPCs, to evaluate 

19 the potential for risk from the full range of exposure scenarios. The future exposure scenarios 

20 evaluated were the construction worker scenario, the RME off-Site receptor scenario, and the 

21 commercial/industrial worker scenario. Each scenario is discussed below. 

22 
23 The risk characterization results for exposure of the trespasser, construction worker, and 

24 commercial/industrial worker to soil are given in Appendix M-6 through M-8, and the results for all 

25 three scenarios are summarized on Table 6-10. As can be seen, the HI is less than one for all 

26 scenarios, indicating that exposure to soil/fill does not pose a significant noncancer risk. Therefore, 

27 the potential for noncancer health impacts will not be discussed in this section. The total ELCR is on 

28 the order of magnitude of 10·5 to 104 for all scenarios. 

29 

30 Commercial/Industrial Worker 

31 

32 The total ELCR for the commercial/industrial scenario is 1.02 x 10·5• The primary contributors to 

33 the ELCR were arsenic and B(a)P. 

34 

'i Arsenic contributed an ELCR of7.53 x 10-<, approximately 75% of the total ELCR. As 
6 discussed in Section 4.6.1.1, there was only one detection of arsenic above the set backgrouod 
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1 level. The mean arsenic concentration of the fill was not statistically significantly different from 
2 background. 
3 
4 B(a)P contributed an ELCR of 1.18 x 10·6, which accounted for approximately 12% of the total 
5 ELCR. As discussed in Section 4.7, it is considered likely that B(a)P is representative of 
6 anthropogenic background. 
7 
8 The remaining ELCR of approximately 1.5 x 10·6 resulted from minor contributions from all 
9 other detected carcinogens. 

10 

11 Trespasser 

12 

13 A review of the ELCR for the trespasser scenario shows that the total ELCR for all other compounds 

14 is 6.20 x 10-". Arsenic contributed an ELCR of 4.49 x 10·"- As above, the arsenic concentration of 

15 the fiJI was consistent with background with only one detection of arsenic above the set background 

16 level. Base/Neutral SVOCs contributed an ELCR of 1.04 x 10·6 as a group, although no individual 

17 compound contributed risks on the order of w·• or greater and the contribution of the group as a 

whole accounting for 17% of the total ELCR. The remaining ELCR of approximately 5 x 10"7 

19 resulted from minor contributions from all other detected carcinogens. 

20 
21 Construction Worker 

22 

23 A review of the ELCR for the construction worker scenario shows that the total ELCR for all other 

24 compounds is 1.90 x 10-". Arsenic contributed an ELCR of 8.23 x 10·7• As discussed above, the 

25 mean arsenic concentration of the fill was consistent with background. The remaining ELCR of 

26 approximately 1.1 x 10·6 resulted from minor contributions from all other detected carcinogens with 

27 no group or individual compound contributing an ELCR on the order of 10·6 or greater. As seen 

28 from Table 6-10, the inhalation of VOCs results in an HI of approximately 2 x 10·• and an ELCR of 

29 approximately I x 10·11 for non-excavation activities. There is limited mass of VOCs available in the 

30 upper portion of the West Ravine for volatilization. It was considered unlikely that excavation 

31 activities would result in an increase in air concentrations (more than four orders of magnitude) of 

32 VOCs sufficient to result in significant risk, even if all the VOCs present were volatilized. The 

33 concentrations of metals in the fill from which fugitive dust could potentially be emitted are consistent 

34 with background and the fugitive dust emission of other SSPL constituents result in an ELCR of 

35 approximately 4 x 10·10 for non-excavation activities. It is considered likely that inhalation of 

36 volatiles and fugitive dust during excavation activities would not result in significant risk levels above 

background. The construction worker is also assumed to come into dermal contact with Group I 
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1 ground water and to ingest incidental quantities of the same. As discussed in Section 6.3, exposure of 

2 construction workers to Group I ground water is not expected to result in significant cancer or non-

3 cancer risks. 

4 

5 RME Off-Site Receptor 

6 
7 The risk characterization results for the future RME off-Site receptor are given in Table 6-11. These 

8 results indicate that the HI is less than one for all age groups and the ELCR is in the 104 to 10 .. 

9 range for all age groups. The major contributor to the ELCR for the RME off-Site receptor is 

10 arsenic, which contributes greater than 99% of the total ELCR. The levels of arsenic in the upper 

11 portion of the West Ravine are consistent with background. The remaining SSPL constituents 

12 contribute an ELCR less than 10·7 • It is therefore concluded that the potential for significant risk 

13 above background to off-property residents from exposure to contaminants originating in the upper 

14 portion of the West Ravine does not exist. 

15 
S Conclusions for the Upper West Ravine 

'7 
18 From the risk characterization results for the upper West Ravine secondary area of contamination, it 

19 is concluded that this portion of the Site does not present significant risk above background for any 

20 current or future exposure scenario. The HI is less than one and all ELCR results are within the 10'6 

21 to 104 risk range. The primary contributor to the ELCR was arsenic, which is present at levels 

22 consistent with background. The only other compound to contribute ELCR results in the 10 .. to 104 

23 risk range for any scenario was B(a)P, which is believed to be representative of anthropogenic 

24 background. 

25 
26 6.5.2.2 Middle West Ravine 

27 
28 The middle West Ravine primary area of VOC contamination has both paved and unpaved areas, 

29 resulting in both current and future surface fill exposure. However, all surface fill samples collected 

30 in this area were taken from unpaved areas. Therefore, the only difference between the results for 

31 the current and future scenarios are the results for the inhalation pathway. Group II wells were 

32 considered representative of perched ground water in this portion of the Site. The current exposure 

33 scenarios evaluated for this area of soil contamination were the EM Science worker scenario, the 

34 trespasser scenario, and the RME off-Site receptor scenario. The future exposure scenarios evaluated 

5 were the commercial/industrial worker scenario, the construction worker scenario, and the RME off-

,6 Site receptor scenario. The current EM Science worker scenario and the future conunercial/industrial 
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1 worker scenario are evaluated jointly. The current and future RME off-Site receptor scenarios are 

2 also evaluated together. 

3 
4 On-Property Workers 

5 
6 The current EM Science worker scenario and the future commercial/industrial worker scenario are 

7 very similar. The results are given in Appendix M-10 through M-11 and are summarized on 

8 Table 6-12. The same exposure pathways are evaluated for both scenarios and the same exposure 

9 parameters were used. The same EPCs for exposure to soil/fill are used. However, as. the Site is 

10 assumed to be entirely unpaved in the future, the concentration of VOCs in air increase slightly 

11 because of the larger area from which volatilization is likely to occur. As can be seen from 

12 Table 6-12, VOCs contribute approximately 90% of the HI and 62% of the ELCR. The majority of 

13 the risk, both cancer and non-cancer, results from dermal exposure. The HI exceeds 1 and the ELCR 

14 is in the 104 to JO·' range for both scenarios. A review of the results shows: 

15 

) PCE is the primary contributor to non-cancer risk, contributing 2.34 to the total HI of 2.96, of 
11 which 2.25 comes from the dermal contact pathway. 
18 
19 The total HI is Jess than 1 when PCE is not considered. 

20 

21 The non-cancer risk result for PCB is largely a result of the methodology used to determine the EPC. 

22 It should be noted that: 

23 

24 The EPC used for PCE was 1 ,900 mg/kg, the value detected at VZ329. As discussed in 
25 Section 4.6. 1.2, the total VOC concentration detected at VZ329 was greater than 4,000 mg/kg, 
26 four orders of magnitude greater than the total VOC concentrations detected in any other surface 
27 soil sample. The concentration at VZ329 appears to be isolated. 
28 
29 The next highest detection of PCE in surface fill was 0.026 mg/kg (at VZ328) while the greatest 
30 detection of PCE in the subsurface fill was 3.6 mg/kg (at VE313NZ9306). 
31 

32 It must also be noted that the risk characterization assumes that the worker is exposed to the EPC for 

33 eight hours per day, 250 days per year for 25 years. It is considered unlikely that either current or 

34 future on-property workers would be exposed to the EPC for the hypothesized duration and frequency 

35 because: 

36 
7 EM Science operations are primarily indoors, although fork lift drivers do spend portions of their 

.:i8 workday outside. Fork lift drivers tend to move about the Site, primarily spending time in the 

CHAPTER6.RI\HYM 
10/23/96 

6-44 



EM Science RI Report 
Chapter 6 

October 25, 1996 

1 paved production and storage areas of the facility with only limited time spent in or about the 
2 unpaved portion of the West Ravine. 
3 
4 Weather in Ohio is not suitable for outdoors activities during portions of the year because of 
5 precipitation and/or extreme heat or cold. As discussed in Chapter 3, measurable precipitation 
6 ( > 0.1 inch) occurs on average 130 days/year in the Cincinnati area with precipitation greater 
7 than 1.0 inch occurring on average 7.1 days/year. Thunderstorms occur an average of 42.8 
8 days/year. 
9 

10 The areal extent of the elevated levels detected at VZ329 are likely limited to the portion of the 
11 former Tank Farm which was occupied by above ground tanks. This area is considered to be too 
12 small to be the sole exposure point for an outside industrial worker, especially a worker engaged 
13 in activities such as those currently occurring in that portion of the Site (e.g. use of fork lifts for 
14 movement of materials and transient exposure during movement about the Site). 
15 
16 The exposed skin area is assumed to be 4,850 cm2

• This is approximately one-quarter of the total 
17 skin area of an adult or equal to approximately the skin area on the hands, legs, arms, neck and 
18 head. It is considered unlikely that the assumed exposed skin area would be available for dermal 
19 contact with soil during late Autumn, Winter and early Spring, (approximately one-half the year), 

l because of local climatic conditions. 
1 

22 The potential for significant non-cancer risk does exist but is considered unlikely as workers would 

23 have to spend at least one-third of their workday within sufficient proximity to VZ329 to result in a 

24 mean EPC of approximately 1,900 mg/kg of PCE and be clothed in such a fashion so that 

25 approximately one-quarter of their skin surface area was available for dermal contact with the soil 

26 even during Winter months. It is considered unlikely that significant non-cancer risk to on-Site 

27 employees, current or future, will occur because: 

28 
29 The total HI, excluding PCE, is less than 0. 7. The total m for PCE is 2.34. 
30 
31 The EPC used to calculate the HI for PCE was the maximum detected concentration of PCE in 
3 2 the area and was three orders of magnitude greater than the second highest detection of PCE in 
33 the middle portion of the West Ravine. The areal extent of the elevated PCE concentrations is 
34 limited to a portion of the former Tank Farm. 
35 
36 It is assumed that approximately one-quarter of the worker's sltin comes into contact with the 
37 PCE containing soil on a daily basis. The potential for direct contact with soil is limited by both 
38 the local meteorology and job functions. Job duties of current EM Science workers do not bring 
39 them into direct, daily contact with soil. 
40 
"1. VOCs are also the primary contributors to the total ELCR with dermal contact again being the 

2 primary pathway of concern. PCE again presents the greatest risk with chloroform and TCE also 
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1 contributing ELCR between to·• and 104 to the total ELCR. As discussed in relationship to the HI, 

2 the extremely conservative method of determining the EPC is considered to be the primary cause of 

3 the apparent risk: 

4 
5 The EPC for PCE is five orders of magnitude greater than the next highest detection of PCE in 
6 surface fill and three orders of magnitude greater than the next highest detection in subsurface fill. 
7 
8 The EPC used for chloroform (180 mg/kg) is four orders of magnitude greater than the next 
9 . highest detection in surface fill (0. 036 mglkg) and an order of magnitude greater than the next, 

10 highest detection in fill ( 11 mg/kg) 
11 
12 The EPC for TCE (140 mg/kg) is four orders of magnitude greater than the next highest detection 
13 in surface fill (0.062 mg/kg) and two orders of magnitude greater than the next highest detection 
14 in fill (2 .4 mg/kg). 
15 
16 It is considered likely that the influence of the EPC results in calculated ELCRs from PCE, 

17 chloroform and TCE that are several orders of magnitude greater than the potential ELCRs. Metals 

~ and PAHs also contribute ELCRs within the 104 to 10-6 range. 

19 
20 Metals contributed 2% of the total ELCR with the largest contribution coming from exposure to 
21 arsenic. As discussed in Section 4.2 .1 , arsenic concentrations within the fill of the West Ravine 
22 are consistent with background, although there are some detections above the established 
23 background level. 
24 
25 Base/neutral SVOCs, primarily P AHs, contributed approximately 6% of the total ELCR, 
26 primarily from the dermal contact pathway. B(a)P is the largest contributor with B(b)F and 
27 D(ah)A also contributing ELCRs in the 10·5 to 10-6 range to the total ELCR. As discussed above, 
28 the exposure assumption used are very conservative. As discussed in Section 4.7, the 
29 concentrations of P AHs are considered to be representative of the anthropogenic background 
30 caused by the urban/industrial nature of the Site and surrounding area. 
31 

32 Trespasser 

33 

34 The results for the trespasser scenario are given in Appendix M-12. As can be seen from this table, 

35 the HI for the trespasser scenario is less than one. The trespasser was assumed to be exposed to the 

36 same very conservative EPCs as the on-Site workers, i.e. the current EM Science worker and the 

3 7 future commercial/industrial worker. However, the trespasser was assumed to be exposed an average 

38 of four hours weekly. The total ELCR is 5.80 x to·'. The risk characterization results show: 

'9 
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1 VOCs are the primary contributors, primarily via the dermal contact pathway. PCB and 
2 chloroform contribute ELCRs of 3.55 x IO·' and 1.73 x IO·', respectively, to the total ELCR. As 
3 discussed previously, the EPC for these compounds are very conservative. 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 

'7 

8 
19 

As discussed above, the extent of chloroform and PCE contanrination consistent with the EPC is 
limited. It considered unlikely that a youthful trespasser would limit the extent of his/her exploration 
to the relatively small area of the former Tank Farm over the course of 12 years of regular access to 
the Site. 

Other compounds which contribute ELCRs greater than 10·6 are B(a)P (1.41 x 10.6) and arsenic 
(1.85 X 10"6). 

The arsenic concentrations are consistent with background. It should be remembered that the 
trespasser is assumed to gain access to the Site for an average of four hours a week from age 7 to age 
18. Given that the Site is fenced and has active 24-hour security, this is considered to be an 
extremely conservative assumption. While the potential for ELCR in the range of 10·6 to 104 above 
background may exist for a receptor engaged in activity consistent with the assumptions of the 
trespasser scenario, it is consider unlikely because: 

20 that such a receptor is unlikely to consistently gain access to the Site on a regular basis over an 
21 extended period of tinre (12 years) considering that the Site is fenced and has active security; 
22 
23 if such a receptor consistently gains access to the Site, he/she is unlikely to limit his/her activities 
24 to the area in and about the middle portion of the West Ravine; 
25 
26 the arsenic concentrations are consistent with background; 
27 
28 the extent of the presence of chloroform and PCB at concentrations sufficient to result in risks of 
29 concern is limited; and 
30 
31 the risk results from B(a)P (1.41 x 1041

) are at the low end of the 1041 to 104 risk range. 
32 

33 Construction Worker 

34 

35 Exposure to both fill and ground water were evaluated in the construction worker scenario. As 
36 shown on Table 6-12, the HI is less than 1 and the ELCR is 2.1 x w·' for exposure of the 
37 construction worker to soil/fill. 
~~ 
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The primary contributors to the ELCR were VOCs, primarily chloroform, via the inhalation 
pathway under non-excavation conditions. 

Arsenic, which was detected at levels consistent with background, also contributed ELCR on the 
order of 10-<. 

N-nitrosodiphenylarnine contributed ELCR on the order of IO·' via the dennal contact pathway. 

The concentration in air of compounds emitted from excavation activities are likely to be significantly 

greater than those calculated for non-excavation activities. The estimated HI from chemicals 

volatilized from the soil during non-excavation activities is 1.54 x 104
. It is unlikely that the increase 

in the mass of VOCs volatilized during excavation will be sufficient to result in significant noncancer 

risk. However, given Site historical knowledge, it is considered possible that the HI would exceed 

one in limited areas. It is known that during excavation of Test Pit 3 in 1983, the emission of 

volatile compounds were visible, although there were no recorded visible emissions during subsequent 

soil sampling events. A more detailed evaluation of risks during excavation activities will be 

conducted, as appropriate, during the FS . 

19 The construction worker is also exposed to ground water within the soil/fill. As discussed in 

20 Section 6.3.2, the potential for significant risk from exposure to Group 11 ground water via ingestion, 

21 dermal contact and inhalation pathways is considered to exist. There is limited perched ground water 

22 within the fill of the West Ravine. All wells screened within the fill, except MW4, went dry during 

23 purging. The relatively low volume of water available for exposure limits the potential for risk, 

24 however, it is not likely to reduce risk levels below levels of concern. The amount of perched 

25 ground water available for exposure would likely increase during excavation activities because of 

26 increased infiltration once pavement is removed and direct precipitation into any open excavation. 

27 
28 The potential for significant cancer and non-cancer risks to workers performing activities consistent 

29 with the assumptions of the construction worker scenario is considered to exist for the middle portion 

30 of the West Ravine. These risks are considered to result from exposure to soil/fill and/or ground 

31 water via the inhalation pathway and exposure to ground water via the ingestion pathway. 

32 Furthermore, the risks from the inhalation pathway could potentially affected not only the 

33 construction workers but also facility employees or other persons proximal to the excavation area 

34 
35 
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3 The risk characterization results for the futnre RME off-Site receptor are summarized in Table 6-11. 

4 These results indicate that the HI is less than one for all age groups and the ELCR is within the 104 

5 to 10·6 range for all age groups. The primary contributors to the RME off-Site receptor are arsenic 

6 and chloroform. The levels of arsenic in the fill of the West Ravine are consistent with background. 

7 The maximum surface concentration of chloroform was used as the concentration term for modeling 

8 purposes. As discussed previously, other detections of chloroform in near surface soil/fill were four 

9 orders of magnitude lower than the maximum concentration. PCE and TCE also contributed ELCRs 

10 on the order of 10·6 to the total ELCR. As with chloroform, these concentrations were modeled using 

11 the maximum detected concentration as the representative concentration for the entire modeled area. 

12 

13 Conclusions for the Middle West Ravine 

14 

15 Review of the risk assessment results for the middle West Ravine primary area of VOC contamination 

S led to the conclusion that there is currently no significant risk above background posed to on or off-

.7 Site receptors. However, exposure to chemicals within the middle portion of the West Ravine could 

18 result in significant cancer and noncancer risks for workers performing excavation activities consistent 

19 with the assumptions of the construction scenario. This risk would result from exposure to both 

20 ground water and soil/fill. 

21 

22 6.5.2.3 Mouth of the West Ravine 

23 

24 The area around the mouth of the West Ravine primary area of VOC contamination is entirely 

25 unpaved. While contamination in the area along S.R. 562 is part of both the Building 4 area of 

26 contamination and the mouth of the West Ravine, the results of the risk characterization of the entire 

27 area along S .R. 562 will be discussed within this section. The trespasser scenario and the RME off-

28 Site receptor scenario were evaluated for exposure to surface fill in the mouth of the West Ravine and 

29 to surface water from the Outfall and Seep-562 and the construction worker scenario is evaluated for 

30 exposure to subsurface soil/fill and ground water in the area along S.R. 562. As will be discussed in 

31 the risk characterization of the construction worker scenario, both Group I and Group IT wells are 

32 present in the area along S.R. 562. Receptors in this area will also be evaluated for inhalation 

33 exposure to chemicals which volatilize from the Outfall and Seep-562. Results of the risk 

34 characterization calculations are given in Appendix M-16 through M-19 and sununarized on 

5 Table 6-13. 

6 
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1 There are a number of other persons other than a trespasser who do or could potentially access the 

2 mouth of the West Ravine and the S.R. 562 area on a regular basis for limited time periods. These 

3 individuals include EM Science security and maintenance personnel and ODOT personnel. These 

4 persons, like the trespasser, are likely to be exposed strictly to surface fill and water, and to 

5 chemicals emitted from those media to the air. The exposure assumptions associated with the 

6 trespasser scenario, (i.e., four hours per week, 52 weeks per year), were designed to be conservative 

7 with respect to not only the trespasser, but also persons, such as EM Science or ODOT personnel, 

8 who may be exposed to the mouth of the West Ravine as part of their standard work duties. The 

9 potential risks to workers with job duties requiring exposure to the mouth of the West Ravine will be 

10 addressed within the discussion of the risk characterization results of the trespasser scenario. 

11 

12 Trespasser 

13 
14 The risk characterization results for the exposure of the trespasser to soil/fill are summarized in Table 

15 6-13. As seen from these results, there is no significant non-cancer risk from exposure to soil. 

) Exposure to surface soil/fill was not found to pose unacceptable risks of cancer (ELCR of 

17 5.25 X 10•6). 

18 

19 Arsenic is the primary contributor to the ELCR. While there were detections of arsenic slightly 
20 above (within a factor of 2) background concentrations in this area, the concentrations were 
21 consistent with those seen in surface fill across the Site and are considered to be attributable to 
22 background. 
23 
24 The cumulative ELCR from the remaining SSPL constituents is approximately 2.25 x 10·6 

25 resulting from minor contributions from the remaining detected carcinogenic compounds, primary 
26 from the ingestion and dermal contact pathways. 
27 
28 EM Science maintenance personnel perform inspections of Sump-562 operations three times per week, 

29 spending approximately one-half hour performing a visual inspection of the Sump-562 operations and 

30 occasionally clearing debris, such as leaves and twigs, from the channel between the Outfall and 

31 Sump-562. EM Science maintenance personnel also access the mouth of the West Ravine for 

32 unscheduled maintenance activities, such as pump or electrical repairs, on an as-needed basis. These 

33 unscheduled events occur approximately 5 to 6 times per year with each event lasting between 

34 approximately 2 and 4 hours. While maintenance personnel may contact water discharged from the 

35 Outfall during repair activities, such contact is limited. The exposure of ODOT personnel performing 

36 routine maintenance activities, such as mowing or cleanup of litter, is likely to be less than the 

1 exposure hypothesized for the trespasser. For example, ODOT personnel engaged in mowing would 
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1 have a lower exposure frequency because mowing occurs during the growing season only, is usually 

2 done less frequently than weekly, and requires less than four hours to complete the approximately 450 

3 feet bordering the EM Science property. 

4 
5 As seen on Table 6-8, the m for exposure of trespassers to the Seep-562 and the Outfall is less than 

6 one. The ELCR is in the 10_. to 104 risk range. 

7 

8 Construction Worker 

9 
10 As seen on Table 6-13, the HI for exposure of the construction worker to soil/fill along S.R. 562 is 

11 less than one and the ELCR is 2.80 x 10 ... The areal extent of VOCs in this area is limited. As 

12 mentioned previously, both Group I and Group II wells are present in the area along S.R. 562. Both 

13 the well with the highest detected concentrations of total VOCs (MW503) and wells with no 

14 detections of non-background compounds are present. All wells were low yielding as discussed in 

15 Section 2. 6. The low yield limits the potential for risk by limiting the mass of water and 

) contaminants available for exposure. However, given the elevated concentrations of VOCs present in 

7 some wells in the area, the potential for significant non-cancer risks are considered to exist in limited 

18 portions of the area. As discussed previously, the inhalation pathway was not quantitatively evaluated 

19 for exposure of construction workers during excavation activities. The potential for significant risk 

20 during excavation activity is heavily dependent upon the degree of agitation during excavation. As 

21 the areas of contamination and the mass of contaminants available for exposure are limited, the 

22 potential for risk is limited. 

23 

24 RME Off-Site Receptor 

25 

26 The risk characterization results for the RME off-Site receptor, Table 6-11, show that there is no 

27 significant noncancer risk, i.e., HI is less than one. The ELCR is within the 10_. to 104 risk range 

28 with arsenic contributing an ELCR of 1.27 x 10·', 98% of the total ELCR. However, arsenic 

29 concentrations are consistent with background in surface fill. The ELCR for the remaining SSPL is 

30 less than 10_.. 

31 

32 Conclusions for the Mouth of the West Ravine 

33 

34 Review of the risk characterization results for the mouth of the West Ravine primary area of VOC 

5 contamination led to the conclusion that the contaminants present do not currently pose a significant 

6 cancer or noncancer risk above background to receptors engaged in activities consistent with the 

CHAPTER6.RI\HYM 
10/23/96 

6- 51 



EM Science RI Report 
Chapter 6 

October 25, 1996 

1 exposure assumptions of this BRA. The potential for risk is limited by the relatively low mass of 

2 contaminants present "in both soil/fill and water and the limited areal extent of the contamination. 

3 However, this area is partially outside the limits of the EM Science property boundary and receives 

4 contamination from the Site via the Outfall pipe and Seep-562. Results of the risk characterization 

5 calculations are given in Appendix M-20 through M-23 and summarized on Table 6-13. 

6 
7 6.5.2.4 Area Sonth and East of Building 4 

8 
9 The area south and east of Building 4 primary area of VOC contamination is currently almost 

10 completely paved. All soil samples were taken from paved locations. For this reason, all scenarios 

11 were considered to be future scenarios. Group II wells are considered to be representative of the 

12 ground water in this area of the Site. The trespasser and future commercial/industrial worker are 

13 evaluated for exposure to surface soil while the construction worker is evaluated for exposure to both 

14 subsurface soil and ground water. The RME off-Site receptor is evaluated for exposure to airborne 

15 compounds migrating from this area of the Site. 

17 Commercial/Industrial Worker and Trespasser 

18 

19 Soil results for the on-Site scenarios are summarized on Table 6-14. As can be seen from Table 6-14 

20 the HI is less than one for all exposure scenarios. The ELCR for all commercial/industrial worker 

21 and trespasser scenarios was in the 10·' to 104 risk range. The primary contributor to the risk for all 

22 scenarios, accounting for more than 90% of the total ELCR, was the inhalation of inorganics. The 

23 major contributor to the risk from inorganics is arsenic. Arsenic concentrations were generally 

24 consistent with background and there was only one detection above the set background arsenic 

25 concentration. The ELCR is less than 10_. for the trespasser scenario and the future 

26 commercial/industrial scenario when arsenic is not considered. 

27 
28 Construction Worker 

29 

30 The HI for the construction worker scenario is less than one and the ELCR is 4.60 x 10 ... VOCs 

31 contributed greater than 80% of both the noncancer and cancer risk, primarily through the dermal 

32 contact pathway. 

33 

34 • 1,2-DCA contributed a total ELCR of 2.16 x 10·•. 
'i 
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As with previous scenarios, the inhalation pathway was evaluated for non-excavation activities 
only. The HI is 8.25 x 10·7 and !Jle ELCR is 5.37 x 10·9 from inhalation ofVOCs during non
excavation activities. While it is considered likely that the risk from inhalation of VOCs would 
increase during excavation activities, it is not considered likely that there would be sufficient 
increase to result in significant risk. 

The majority of the mass of VOCs present in this area are located 10 to 20 feet below ground 

surface. There is unlikely to be significant risks from excavation activities which only access depths 

of less than 10 feet, however, sufficient mass of VOCs are present within the subsurface that the 

potential for risk from excavation activities which access deeper depths can not be excluded. As 

discussed previously, the potential for significant risk from exposure to Group II ground water exists. 

However, the Upper Sand Unit, the primary perched ground water unit, has limited water in this 

portion of the Site. While the potential for significant risk from perched ground water in this portion 

of the Site may exist, it is considered unlikely because of the limited quantity of water available for 
exposure. The Upper Sand Unit beneath this area of the Site is less than five feet thick and has been 

partially dewatered by the French Drain interim action, (as evidenced by hydrograph for P5 found in 

Appendix I and discussion in Section 3.4.1.2). 

RME Off-Site Receptor 

21 The risk characterization results for the RME off-Site receptor, Table 6-11, show that the potential for 
22 significant noncancer risks does not eXist, i.e. the HI is less than one. The ELCR results are within 

23 ·the 10·• to 104 risk range. Arsenic contributes ELCR on the order of magnitode of 10·' to the total 

24 ELCR. Observed arsenic concentrations are consistent with background. The combined ELCR 
25 results for all other compounds is less than 10·6• 

26 
27 Conclusions for the Area South and East of Building 4 

28 

29 The potential for significant risk above background to futore trespassers or commercial/industrial 
30 workers, should the pavement in the area south and east of Building 4 be removed, is not considered 

31 to exist. The potential for significant risk above background to futore construction workers is 

32 considered to be very limited. 

33 
34 6.5.2.5 Area South of Building 10 

35 
The area south of Building 10 primary area of VOC contamination is almost completely paved with 

I only one boring installed in an unpaved location. No surface samples were taken from the unpaved 
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1 location, preventing characterization of the potential for risk to human health under current 

2 conditions. However, modeling of the emissions from the unpaved ground surface was done using 

3 the subsurface data from the unpaved sampling location. For these reasons, the RME off-Site 

4 receptor scenario was evaluated for both the current and future scenarios while on-Site receptors were 

5 evaluated under the more conservative assumption of the future scenarios, i.e., the entire area of 

6 contamination is unpaved. Results from Group II wells are considered to be representative of perched 

7 ground water in this area of the Site. The trespasser and future commercial/industrial worker were 

8 evaluated for exposure to surface soil while the construction worker was evaluated for both exposure 

9 to subsurface soil and ground water. The RME off-Site receptor was evaluated for exposure to 

10 airborne compounds migrating from this area of the Site. The risk results for the on-Site receptors 

11 are given in Appendix M-24 through M-28. The results of the risk assessment are sunnnarized in 

12 Table 6-15. Each of the exposure scenarios are discussed below. 

13 
14 Commercialflndustrial Worker 

15 
' The HI for the future commercial/industrial worker is 1.65. The primary contributor to the 

17 noncancer risk was ingestion of, and dermal contact with, mercury. This risk was primarily the 

18 result of the methodology used to determine the EPC. 

19 
20 The EPC for exposure to mercury was 402 mgfkg, the maximum mercury detection in the area 
21 south of Building 10. The next highest detection of mercury in surface soil/fill in the area was 
22 0.18 mg/kg while the next highest detection in subsurface soil/fill was 0.45 mgfkg. 
23 
24 As discussed in Section 4.6.2, the detection of mercury appears to be the result of an isolated area 
25 of elevated mercury and is not considered representative of the general mercury content of the 
26 soil/fill in the area. 
27 
28 The potential for adverse, noncancer health affects are considered limited as a worker would have to 

29 spend the majority of his/her work day in close proximity to the area of elevated mercury. As 

30 discussed previously, the future commercial/industrial worker was assumed to spend 250 days per 

31 year exposed to the EPC in clothing which would allow exposure of approximately one-quarter of the 

32 total skin surface area to soil. The HI was less than one when the _results for mercury were excluded. 

33 
34 The ELCR results for the future commercial/industrial worker are in the 10-6 to 104 range: 

35 
"l6 Arsenic is the primary contributor to the ELCR. As discussed previously, the arsenic 

I concentrations are consistent with background concentrations. 
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1 Other contributors of > 1% of the risk are VOCs and D/F. The ELCR result from VOCs are 
2 7.74 x 10·' with exposure to 1,2-DCA contributing the largest amount. The ELCR result from 
3 D/F is 4.36 x 10·6 with OCDD contributing the greatest amount. 
4 
5 The ELCR from the dermal exposure pathway contributed the greatest amount to the total ELCR 
6 from both the VOCs and D/F. As discussed previously, the assumptions associated with this 
7 pathway are very conservative. 
8 
9 Review of the risk characterization data leads to the conclusions that the potential for adverse, 

10 noncancer health affects is very limited. The potential for ELCR greater than the acceptable 10·6 to 

11 104 risk range is unlikely for persons engaged in activity consistent with the assumptions of the future 

12 commercial/industrial worker scenario. 

13 

14 Trespasser 

15 
16 As can be seen from Table 6-15, the HI for the trespasser is below one. The ELCR is 2.43 x 10"' 
1 7 with the primary contribution (56%) coming from exposure to inorganics, primarily arsenic. Arsenic 

& concentrations were consistent with the surface fill beneath the Site. The total ELCR when arsenic is 
i 

19 excluded is approximately 1.08 x 10·'- The potential for significant risks above background to 

20 persons engaged in activities consistent with the assumptions of the trespasser scenario was not found 

21 to exist. 

22 

23 Construction Worker 

24 

25 The HI for the construction worker scenario is Jess than one. The ELCR is 2.38 x 10"'. Arsenic 

26 contributes an ELCR ofl.22 x 1 O"' and the remaining ELCR results from minor contributions from 

27 the remaining carcinogenic compounds. 

28 

29 As discussed with previous scenarios, the inhalation pathway was not quantitatively evaluated for 

30 excavation activities. The total HI from inhalation of VOCs during non-excavation activities is 3.58 x 

31 10·2 and the ELCR is 2.02 x 10·7• The agitation of soil/fill during excavation activities would result 

32 in increased airborne contaminant concentrations. The majority of the mass of VOCs present in this 

33 area are at depths of greater than 10 feet. It is likely that excavation activities which access only 

34 shallow soil (i.e. less than 10 feet) would not result in unacceptable risks. However, given the 

35 quantity of contaminants available for airborne release and the risk results for the inhalation pathway 

'l6 during non-excavation activities, it is likely that the increase in the concentration of airborne 

7 contaminants during excavation activities which access more contaminated soil (i.e., soil at depths 
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1 greater than 10 feet) could result in significant risks. The risk from inhalation during excavation 

2 activities will be more fully addressed within the FS, as appropriate. 

3 

4 As discussed previously, the potential for significant risk from Group IT wells during excavation 

5 activities was considered to exist. It is therefore concluded that the potential for significant risk to 

6 persons engaged in activities, including excavation, consistent with the assumptions of the 

7 construction worker scenario does exist in the area south of Building 10. 

8 
9 RME Off-Site Receptor 

10 
11 The risk characterization results for the RME off-Site receptor, Table 6-11, show that the potential for 

12 significant noncancer risks does not exist, i.e. the HI is between 2.65 x 10·2 to 3.12 x 10·'. The 

13 ELCR results were within w·• to 104 risk range. It should be noted that the area is currently paved 

14 and that any current risks are likely to be significantly less than those calculated for the future 

15 scenario. 

s 
17 Arsenic and chloroform contribute ELCR results in the 10·6 to 104 risk range. Arsenic 
18 concentrations were also consistent with background. 
19 
20 The combined ELCR results for all other compounds is less than 10·6• 

21 
22 It was therefore concluded that the potential for significant risk under current or future conditions, 

23 excluding excavation, does not exist for off-property receptors. However, it is possible that 

24 excavation to depth(> 10 feet) in this area could increase sufficiently to result in unacceptable risks 

25 to off-property receptors. The risk from inhalation of contaminants volatilized or suspended during 

26 excavation activities will be more fully addressed within the FS. 

27 
28 Conclusions for the Area South of Building 10 

29 
30 Review of the risk characterization results for the primary area VOC contamination south of Building 

31 10 leads to the conclusion that the potential for significant cancer or noncancer risks does not exist 

32 under current conditions. The possibility exists, but is considered unlikely, that persons engaged in 

33 activities consistent with the assumptions of the commercial/industrial worker scenario could be 

34 exposed to significant noncancer risks from exposure to mercury. It is also concluded that the 

3 5 potential for significant risk, both cancer and noncancer, exists for persons who engage in activities, 

5 including excavation, consistent with the assumptions of the construction worker scenario from 
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1 exposure to both soil/fill and ground water. Furthermore, excavation activities which access the 

2 deeper (i.e., > 10 feet below grade), more contaminated soils could potentially result in significant 

3 risks to both the construction worker and other on-property persons and persons on adjoining 

4 properties. 

5 
6 6.5.2.6 East Ravine 

7 
8 The majority of the surface of the East Ravine secondary area of contamination is currently paved and 

9 used as a parking Jot. The remaining unpaved portion is not currently used in the normal 

10 performance of duties at the Site. For this reason, even though a standard on-Site worker scenario 

11 was evaluated for current conditions, there was considered to be little exposure of EM Science 

12 workers to contaminants in the East Ravine. Justification for this is based on the fact that the 

13 majority of the East Ravine secondary area of contamination is situated above perched ground water 

14 that was unaffected by contamination as depicted by the analytical results for MW15B, MW17, 

15 MW41, MW42, MW43A, and MW44. Although some of the wells in this area were affected by Site 

'i contamination, they are associated with remnant portions of the Upper Sand Unit that have been cut 

7 off by the French Drain interim action (MW14, PI, MW16), the cone of iulluence associated with the 

18 P6A interim action (p6), or the backfill around the 84-inch storm sewer (MW18, MW23). 

19 

20 Group I wells were considered to be representative of perched ground water in this area. Results for 

21 the exposure of on-Site receptors to soil/fill in the East Ravine are given in Appendix M-29 through 

22 M-33 and summarized on Table 6-16. The EM Science worker; the future commercial/industrial 

23 worker and the trespasser were assumed to be exposed to surface soil/fill in the East Ravine. The 

24 future construction worker was assumed to be exposed to subsurface soil/fill and perched ground 

25 water in the East Ravine. As the assumptions for the current EM Science worker and the future 

26 commercial/industrial worker are the same with only the concentration terms varying, these scenarios 

27 will be discussed jointly. 

28 
29 On-Property Workers 

30 
31 As can be seen from Table 6-16, the HI for the current EM Science worker is 0.18 while the HI for 

32 the future commercial/industrial worker is 4.33. The primary reason for this is the potential future 

33 risk from PCBs should the pavement be removed. 

34 
) The ELCR for the both the scenarios was in the 10"' to 10"' risk range. 

,6 
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1 The primary contributors to the ELCR include base/neutral SVOCs, primarily PAHs, arsenic and 
2 D IF. The surface concentrations of arsenic were consistent with background. The greatest 
3 contribution from the base/neutral SVOCs and the D/F was from the dermal contact pathway. 
4 
5 The conservative assumptions of these scenarios include that the worker is exposed to the EPC of. 

6 these compounds every working day (i.e. 250 days per year) with an average of approximately one-

7 quarter of his/her skin surface available for contact. The unpaved portion of the East Ravine slopes 

8 from the general working area of the EM Science facility to an access road which runs along the 

9 eastern property perimeter fence. Although persons may traverse the unpaved portion of the East 

10 Ravine, there were no foot paths or other indications of consistent human activity observed during RI 

11 activities. Given the limited amount of time that workers traditionally spend in the parking lot, and 

12 the fact that workers do not routinely access the unpaved portion of the East Ravine during the course 

13 of normal job duties, it is considered unlikely that workers are being exposed to significant risks, 

14 either cancer or noncancer, under current circumstances. However, the potential for significant 

15 noncancer risk in the future can not be dismissed. 

16 

Trespasser 

18 
19 The HI for the trespasser scenario was less than one and the ELCR was in the 10"" to 104 risk range. 

20 The primary contributors to the ELCR are arsenic (1.4 x 10"") and base/neutral SVOCs (2.07 x 1o""), 

21 primarily PAHs. The surface arsenic concentrations were consistent with background. Base/neutral 

22 SVOCs contribute to the ELCR primarily via the dermal contact pathway. While the unpaved portion 

23 of the East Ravine is a grassy area which could be conducive to such activities as lounging or sports, 

24 current security measures at the facility make it unlikely that trespassers would spend significant time 

25 there. As mentioned previously, there are no foot paths or other indications of consistent human 

26 activity observed during RI activities. It was therefore considered unlikely that any exposure 

27 consistent with the assumptions of the trespasser scenario is currently occurring. 

28 
29 Construction Worker 

30 
31 The construction worker is assumed to be exposed to both the fill/soil in the East Ravine and Group I 

32 ground water. The HI for exposure of the construction worker to soil/fill was 1.25. PCBs 

33 contributed the majority of the HI (75%). The HI for all compounds, excluding PCBs, was less than 

34 one. The ELCR for exposure of the construction worker to soil/fill was 3.08 x 10·5• The primary 

15 contributors to this were base/neutral SVOCs, primarily PAHs, via the dermal contact pathway. The 

J potential for ELCR in the 1 O"" to 104 risk range was considered likely for persons exposed to the fill 
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1 of the East Ravine during activities consistent with the assumptions of the construction worker 

2 scenario. As discussed previously, the potential for significant risk from the exposure to Group I 

3 ground water was not found to exist. 

4 
5 RME Off-Site Receptor 

6 
7 The risk characterization results for the RME off-Site receptor, Table 6-11, show that the potential for 

8 significant noncancer risks does not exist, i.e., the HI is Jess than one. The ELCR results were 

9 within the 10-o to 104 risk range. Arsenic contributes ELCR results in the 10·6 to 104 risk range. 

10 The combined ELCR results for all other compounds was Jess than 10 ... 

11 
12 Conclusions for the East Ravine 

13 
14 Review of the risk characterization results for the East Ravine secondary source of contamination lead 

15 to the conclusion that the potential for significant cancer or noncancer risk does not exist under 

; current conditions. However, the potential for significant noncancer risk does exist for persons 

7 engaged in activities, including excavation, consistent with the assumptions of the construction worker 

18 scenario and persons engaged in outdoor job duties consistent with the assumptions of the 

19 commercial/industrial worker scenario should the pavement over the East Ravine be removed and not 

20 replaced. 

21 

22 6.5.2. 7 Site Wide Risk 
23 

24 A risk overview was conducted for the entire Site. Exposure to soil/fill was evaluated for receptors 

25 who perform or participate in activities in all portions of the Site. As discussed above, the potential 

26 for risks of concern resulting from exposure to contaminants emitted from the soil/fill, either via 

27 volatilization or suspension of dust, was not found to exist for non-excavation activities in any of the 

28 six areas of soil contamination. Therefore, exposure to the soil/fill via the inhalation pathway was not 

29 evaluated. The on-Site commercial/industrial worker, under furore unpaved conditions, the trespasser 

30 and the construction worker scenarios were evaluated. The results of the Site-wide assessment are 

31 given in Appendix M-34 through M-36 and summarized on Table 6-17. 

32 

33 Commercial/Industrial Worker 

34 
'i As can be seen from Table 6-17, while the HI for each group of contaminants is less than one for the 

6 commercial/industrial worker scenario, the total HI exceeds one. The primary contributor to the HI 
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1 was PCBs. The EPC for Aroclor-1254 is 2.05 mg/kg, although the mean was only 0.885 mg/kg. 

2 This was due to the presence of an outlier within the population (a detection of 16 mg/kg at 

3 VE402NZ407, a sample location currently under pavement and inaccessible to casual contact). If the 

4 detection at VE402NZ407 was not considered in the calculation of the EPC, then the EPC is reduced 

5 to approximately 0.4 mg/kg, or approximately one-fifth of the original EPC. This reduction in the 

6 EPC would result in a reduction in the HI for PCBs to approximately 0.09, which would reduce the 

7 total HI for the commercial/industrial worker scenario to approximately 0.66. Of the 25 near surface 

8 soil/fill samples, Aroclor-1254 was only detected above the 2.05 mg/kg EPC in two samples. The 

9 risk from PCBs primarily results from exposure via the dermal contact pathway. As discussed 

10 previously, the exposure assumptions associated with the dermal contact pathway, i.e. the amount of 

11 skin area available for contact and the frequency of exposure, were very conservative. Given the 

12 disproportionate inlluence of the detection of Aroclor-1254 at VE402/VZ407, and the 

13 conservativeness of the exposure assumptions, the potential for significant noncancer risk is 

14 considered to be extremely limited. The ELCR is within the 10 .. to 104 risk range. The doininant 

15 contributors were base/neutral SVOCs, primarily PAHs, and VOCs. 

17 Trespasser 

18 

19 The HI results for the trespasser scenario are less than one and the ELCR resnlts are within the 10 .. 

20 to 104 risk range. The primary contributors to the ELCR are base/neutral SVOCs, primarily PAHs, 

21 and VOCs. 

22 

23 Construction Worker 

24 

25 The HI results for the construction worker scenario are greater than one with VOCs contributing 

26 greater than 99% of the risk. The total HI for all contaminant groups except VOCs is less than one. 

27 

28 The primary contributors to the noncancer risk were chloroform, carbon tetrachloride and 
29 methylene chloride. These compounds, as discussed in Chapter 5 are all part of the 
30 chloromethane degradation chain. 
31 
32 The noncancer risks primarily result from dermal contact with the contaminated soil/fill. 

33 

34 The total ELCR is within the 10·6 to 104 risk range, with VOCs again contributing greater than 99% 

35 of the risk. The major ELCR contributors are 1 ,4-dioxane, chlorinated ethanes and ethenes, 
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1 (1,1,2,2-PCA, PCE, TCE and 1,2-DCA), and chloromethanes, (carbon tetrachloride, chloroform and 

2 methylene chloride). The majority of the ELCR (96%), again results from exposure via the dermal 

3 contact pathway. 

4 

5 It should be cautioned that the calculation of the EPC assumed that all detected contaminants were 

6 present in all areas of soil contamination. As discussed within Chapter 4, the various VOCs were 

7 released from a number of original sources, including the Building 10 process sewer, the former Tank 

8 Farm, the Building 4 trench drain and burial of waste chemicals within the West Ravine. The 

9 presence of a VOC in any given portion of the Site is dependent upon the original source(s) from 

10 which the chemical was released to the environment, the time at which it was released and the 

11 migration characteristics of the chemical. Wbile most of the VOCs are present in multiple areas of 

12 soil contamination, there is no evidence to suggest that all detected VOCs are present within all areas 

13 of soil contamination. The calculated EPC is therefore considered to be very conservative. 

14 However, use of a more realistic EPC is not considered likely to reduce the calculated risk values 

15 below levels of concern. 

7 6.5.3 Summary of Risks 

18 

19 The evaluation of the potential risks under current and future conditions of the Site yields the 

20 conclusion that while the potential for unacceptable risk is very limited under current operating 

21 conditions, in the absence of remediation the potential for unacceptable risks exist in the cases where: 

22 

23 excavation activities take place in the area south of Building 10 or in the middle portion of the 
24 West Ravine; 
25 
26 prolonged excavation activities take place in the area south and east of Building 10, the area 
27 around Sump-562, or in the East Ravine; or, 
28 
29 perched ground water impacted by Site contamination becomes readily accessible. 
30 

31 The evaluation of the potential risk from exposure of hypothetical residential receptors to perched 

32 ground water not affected by Site contamination (Group I) showed that the potential for unacceptable 

33 noncancer and cancer risks does not exist. This conclusion is based on the facts that: 1) there were 

34 no consistent detections of non-background compounds in Group I wells; 2) non-background 

35 compounds were primarily detected in samples from wells screened in saturated zones which are 

'l-6 unusable for domestic purposes (because they were too shallow to be legally used and/or they were 
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1 extremely low yielding); and, 3) detections of some metals were limited to highly turbid samples with 

2 no detections in subsequent, less turbid samples from the same sampling location. 

3 

4 The evaluation of the exposure of hypothetical residential receptors to perched ground water affected 

5 by Site contamination (Group II) showed that the potential for both unacceptable noncancer risks and 

6 unacceptable cancer risks. The primary contributors to the risk were: 1,4-dioxane, acetone, BTEX, 

7 chloromethanes (carbon tetrachloride, chloroform and methylene chloride), chloroethanes (1,1,2,2-

8 PCA and 1,2-DCA), and chloroethenes (TCE, 1,2-DCE and vinyl chloride). It was furthermore 

9 concluded that the potential exists for unacceptable risk to construction workers who come into 

10 extended contact with, and/or breathe VOCs released from, Group II ground water. 

11 
12 The potential risk to trespassers and construction workers from water released to the surface at the 

13 Outfall and Seep-562 and to trespassers from water from Seep C in the 84-inch sewer were evaluated. 

14 It was determined that the potential for significant risk from these sources does not exist. 

15 
The potential risk from perched ground water at the eastern property boundary which could 

1 I potentially be affected by Site contamination (modeled future ground water), was evaluated. It was 

18 determined that the potential for unacceptable risk exists for hypothetical residents exposed to the 

19 contaminant concentrations predicted by the ground water modeling. It should be noted that this risk 

20 is highly unlikely because of legal restrictions on well installation and use. Furthermore, the effects 

21 of current interim actions may prevent or greatly reduce migration of contaminants to the east in 

22 Perched Zone II. 

23 

24 Several general observations were consistent between all areas of soil contamination. Background 

25 concentrations of metals resulted in calculated potential risks in the 10_. to 104 excess lifetime cancer 

26 risk (ELCR) range for current and future facility employees in all portions of the Site. Surface 

27 concentrations of the SVOCs and D/F, considered to be representative of anthropogenic background, 

28 also resulted in total risks within or below the 10 .. to 104 ELCR range for current and future facility 

29 employees in all portions of the Site. 

30 
31 The evaluation of the potential risks from exposure to soil/fill in the upper portion of the West Ravine 

32 showed that the potential for significant risk does not exist for receptors engaged in activities 

33 consistent with the exposure scenarios evaluated. Furthermore, since the area is completely paved, 

34 the potential for adverse health effects are likely to be significantly less than those calculated. It was 

also concluded that the potential for significant risks does not exist from exposure to perched ground 

j6 water in this portion of the Site (Group I ground water). 
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1 The evaluation of potential risks from exposure to soil/fill in the middle portion of the West Ravine 

2 showed that there is limited potential for significant risks to facility workers does exist from a single 

3 isolated area of elevated VOCs exists in the shallow subsurface in the area of the former Tank Farm. 

4 Given the limited area of the elevated concentrations, and the fact that the concentrations of VOCs 

5 detected at VZ329 were approximately four orders of magnitude lower throughout the remainder of 

6 the area of contamination than at VZ329, the potential risks are considered to be substantially less 

7 than those calculated. It was concluded that the potential for significant risks to receptors engaged in 

8 activities consistent with the assumptions of the trespasser scenario does not exist. It was also 

9 concluded that the potential for significant risks to receptors engaged in activities consistent with the 

10 assumptions of the construction worker scenario exists from exposure to soil/fill and/or perched 

11 ground water. Excavation activities could result in exposures not only to construction workers, but 

12 also to other persons proximal to the area of excavation. 

13 
14 The evaluation of potential risks from exposure to soil/fill in the mouth of the West Ravine and along 

15 S.R. 562 showed that the potential for unacceptable risk is very limited. The areal extent of 

contamination and the total mass of contaminants present are limited. However, as this area receives 

7 Site contamination via the Outfall and Seep-562, further review may be required within the FS. 

18 

19 The evaluation of the potential risks from exposure to soil/fill south of Bnilding 10 shows that an 

20 isolated elevated detection of mercury, in a sample that was collected under pavement, has very 

21 limited potential to pose unacceptable risks to receptors engaged in activities consistent with the 

22 commercial/industrial worker scenario should surface soil/fill become available for exposure. The 

23 potential for significant risks to receptors engaged in activities consistent with the assumptions of the 

24 trespasser scenario was not found to exist. It was also concluded that the potential exists for 

25 significant risks to receptors engaged in activities consistent with the assumptions of the construction 

26 worker scenario from exposure to soil/fill and/or perched ground water. Excavation activities could 

27 result in exposures not only to construction workers, but also to other persons proximal to the area of 

28 excavation. 

29 

30 The evaluation of the potential risks from exposure to soil/fill south of Building 4 shows that the 

31 potential for unacceptable risks to receptors engaged in activities consistent with the 

32 commercial/industrial worker scenario or the trespasser scenario does not exist. It was also concluded 

3 3 that the potential is very limited for significant risks to receptors engaged in activities consistent with 

34 the assumptions of the construction worker scenario from exposure to soil/fill and/or perched ground 

water. The potential for risk is limited by the relatively small qnantity of water available in the area 

5 south and east of Building 4 and the depth to contamination. 
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1 The evaluation of the potential risks to commercial/industrial workers from exposure to fill within the 

2 East Ravine showed that while the potential for significant risk does not exist under current 

3 conditions, if the pavement was removed, the potential exists for significant risks from exposure to 

4 PCBs in the surface fill of the East Ravine, which is currently under pavement. It was concluded that 

5 the potential for significant risks to receptors engaged in activities consistent with the assumptions of 

6 the trespasser scenario does not exist. It was concluded that the potential exists for significant risks to 

7 persons engaged in activities consistent with the assumptions of the construction worker scenario, 

8 primarily from exposure to PCBs in the subsurface fill of the East Ravine. 

9 
10 6.6 Ecological Site Characterization Results 

11 
12 The ecological Site characterization (ESC) was addressed in the May 30, 1995 revised TM-7, 

13 Ecological Site Characterization, and August 30, 1995 Addendum to Technical Memi>randum 

14 No. 7 Ecological Assessment. Both TM-7 and the subsequent addendum were prepared by MAl, Inc. 

15 These documents will be reviewed within this section. The Site setting, Site survey and the results of 

the ESC will be reviewed. 

II 
18 The purpose of the ESC was to identify the presence of potential ecological receptor species on-Site, 

19 both flora and fauna, and to determine if an ecological assessment was warranted. The nature of the 

20 Site and surrounding area were reviewed to determine if the property possessed characteristics 

21 conducive to the existence of steady or intermittent flora and fauna populations. A visual Site survey 

22 was also conducted to identify the plant and animal species and to observe their relative abundance. 

23 The data gathered was then incorporated into the ESC and a determination made as to the likely and 

24 potential impact of the Site on the local ecology. 

25 
26 6.6.1 Site Ecological Setting 

27 
28 As discussed in Chapter 1, EM Science is located in a urban/industrial area which has been developed 

29 for several decades. It is bounded on the south and east by transportation corridors, on the west by 

30 an active industrial facility, and on the north by a local street and commercial and residential 

31 properties. The property itself is largely covered with asphalt, gravel, buildings or concrete except 

32 for limited grassy areas and is surrounded by a chain-link fence. The grassy areas, shown on Figure 

33 6-2, are identified below: 

34 
Area 1 - a small wooded area on the eastern side of the southern property border, approximately 

_,o 100 feet by 150 feet in size, which extends from just north of the property boundary to 
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1 approximately 50 feet beyond the property boundary of the Site. Also located within Area 1 ia a 
2 portion of the off-property grassy are (approximately 80 feet by 250 feet) which borders the 
3 wooded area to the west along S.R. 562. 
4 
5 Area 2 - a small patch of grass, approximately 75 feet by 90 feet, located in the southeastern 
6 portion of the property east of Building 14. 
7 
8 Area 3 - a wooded area located north of S.R. 562, along the southeastern side of the railroad 
9 track which is bordered to the east by an asphalt parking lot. This area is approximately 250 feet 

10 by 50 feet in size. 
11 
12 As discussed in Chapter 3, the Site is within the Duck Creek drainage area and both the East Ravine 

13 and the West Ravine were part of the Duck Creek drainage system. The 84-inch sewer, which was 

14 laid in the stream bed of the East Ravine, connects to the Duck Creek closed double box concrete 

15 culvert located 600 feet southeast of the property beneath the 1-71 and S.R. 562 interchange. 

16 Drainage from the West Ravine discharged at the Outfall is collected in Sump-562, pumped to the on-

17 property pH/neutralization building and discharged under pennit to MSD. 

'l 
9 6.6.2 Site Survey 

20 
21 As discussed in Section 2.8, the ecological Site survey was limited to Areas I and 2 as it was 

22 expected that ecological receptor species would primarily occur in these areas. Area 3 was also 

23 surveyed as a comparison of similar displaced habitats to Area 1. A listing of trees and shrubs 

24 identified at the Site is presented in Table 6-18. 

25 
26 Areas 1 and 3 

27 
28 Areas I and 3 have a dominant understory of Honeysuckle and an overstory of White Ash and Red 

29 and Black Oaks. The soil in the area around the mouth of the West Ravine, categorized as Urban 

30 land-Rossmoyne complex, appeared to be eroded to the subsoil and would likely be insufficient for 

31 herbaceous vegetative growth. The area around the mouth of the West Ravine may also be 

32 susceptible to washouts during hard rains. The vegetation near the mouth of the West Ravine is 

33 characterized by smooth sumac, poison ivy, foxtail and Kentucky blue grass. No signs of wildlife 

34 were observed in the area near the mouth of the West Ravine. 1n the remaining portion of Area 1, a 

35 few small (robin size) bird nests and a chipmunk were seen and raccoon tracks were found in the 

36 mud. A few small burrows (chipmunk size) were seen along the fence line northeast of the Outfall 

7 pipe. 

8 
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1 The soil in Area 3 west of the railroad tracks is composed mainly of flyash. This flyash could 

2 provide better drainage and a finer root zone, thereby influencing the types of flora growing in the 

3 area. False Violet were observed in this area. There was also evidence of a large (skunk size) 

4 burrowing animal and a garter snake was observed. There were no other wildlife or signs of wildlife 

5 observed. 

6 

7 Area 2 

8 
9 Vegetation in Area 2 included common grasses, yellow clover, smartweed/ladies thumb, dandelion, 

10 yellow hop clover and wild carrot. While rabbit droppings were observed, there were no fauna 

11 observed during the Site survey. 

12 

13 6.6.3 Ecological Site Characterization 

14 

15 To supplement the species identified during the Site survey, a list of animals known to occur in 

similar habitats in southwest Ohio were also considered as potential ecological receptors. Because of 

17 the industrial nature of the Site, the limited size of the three areas where ecological receptors would 

18 most likely be found, and the nature of the surrounding area, it is unlikely that the majority of these 

19 species will occur at the Site. Two endangered avian species, the Sharp-shinned Hawk and the Bald 

20 Eagle, are known to occur in Hamilton County. However, the Sharp-shinned Hawk nests in conifers 

21 and the Bald Eagle prefers to be near a body of water. 1n the absence of the preferred habitats of 

22 these species, it is considered unlikely that they will occur at the Site. 

23 

24 The most plausible ecological receptor is considered to be the Eastern Chipmunk (Tamias striatus) 

25 because of its relatively small home range requirements. Other potential receptors which conld occur 

26 intermittently at the Site are the Raccoon (Procyon lotor), the Virginia Opossum (Didelphis 

27 virginiana), the Eastern Cottontail (Sylvilarus floridanus), the Grey Squirrel (Sciurus carolinensis) and 

28 the Northern Cardinal (Cardinalis cardinalis). Their exposure would be limited by the transient 

29 nature of their appearances. MAl concluded in TM-7 that the habitat cannot be shown to be unique 

30 or sensitive with respect to other habitats in this area. The relative size of the Site is far too small to 

31 support a significant terrestrial population of any potential receptonpecies. Fauna species diversity is 

32 low in this area because of its small size and the fact that the majority of the observed fauna species 

33 are likely transient between the Site and neighboring habitats. Seed dispersal of vascular plants 

34 between Areas 1 and 3 has resulted in almost identical composition of plant communities in these two 

areas, thus accounting for the low flora species diversity between the two areas. 

36 
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1 To evaluate the potential for adverse effects of the chemicals present on the Site to the potential 

2 ecological receptor (i.e. the Eastern Chipmunk), a comparison was done between a calculated daily 

3 soil intake and the No Observed Adverse Affect Level (NOAEL) and/or the Lowest Observed 

4 Adverse Affect Level (LOAEL). The Eastern Chipmunk was assumed to have a total body weight of 

5 84 grams. Exposure for two soil ingestion rates were evaluated. The first case assumed a soil 

6 ingestion rate of 5.6 x 10·3 gram of soil per day, based on the soil consumption rate of a child 

7 suffering from pica, and the second case assumed a soil ingestion rate of 6.4 7 x JO·' gram soil per 

8 day, based on the percent of a Black-Tailed Prairie Dog's diet which is soil. The exposure point 

9 concentrations (EPCs) used were the maximum detected concentrations from the near surface samples 

10 in the area of the mouth of the West Ravine and south of the parking Jot. A toxicity screen was 

11 conducted on the EPCs as per RAGS and only those compounds expected to contribute greater than 

12 1% of the risk were evaluated. The results of the evaluation are given in Table 6-19. As can be seen 

13 from this table, the calculated doses received by the Eastern Chipmunk are one to seven orders of 

14 magnitude lower than the NOAEL and/or the LOAEL. It was therefore concluded that no adverse 

15 effects from on-Site chemical concentrations are expected to occur. 

1 6. 7 Uncertainty Analysis 

18 
19 As stated in the Guidance for Data Useability in Risk Assessment (U.S. EPA, 1992c), the analytical 

20 data objective for baseline risk assessments is that the uncertainty is known and acceptable, not that 

21 the uncertainty be reduced to a particular level. As stated previously, the objective of the BRA is to 

22 determine if remedial action is necessary and provide the justification for performing remedial 

23 actions. Any uncertainty associated with the BRA need only be addressed to the extent that it may 

24 effect the objective. For this reason, while every attempt has been made to provide a complete 

25 discussion of uncertainty, only those items which may affect the outcome of the conclusion of the 

26 BRA are addressed in detail. 

27 
28 6.7.1 Contribution of Background 

29 
30 Arsenic, the primary contributor to risk from exposure to soil/fiJI in many of the scenarios, is a 

31 naturally occurring metal. As discussed in Section4.1.1, arsenic is present at concentrations 

32 consistent with background beneath most of the Site. The risk of background metals in the areas of 

33 soil contamination, excluding the East Ravine and the area south of Building 10, can not be 

34 distinguished from the total risk from exposure to metals. The fill of the East Ravine contains 

"i elevated concentrations of several metals and background metals contribute a small fraction to the 

6 total risk from metals. In the area south of Building 10, an isolated elevated detection of mercury is 
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1 the major contributor to the HI. As discussed in Sections 4.6.2 and 6.5.2.5, this detection is not 

2 considered to be representative of the general nature of the area or to be a representative EPC. 

3 Therefore, the contribution of background metals is considered to be indistinguishable from the total 

4 risk from exposure to metals for all areas of soil contamination except the East Ravine. 

5 
6 The assessment of the risk from exposure to naturally occurring metals in perched ground water is 

7 confounded by the elevated turbidity levels in some samples. The naturally occurring levels of metals 

8 in nonturbid samples is low to non-detect and the resulting risk is within or below acceptable risk 

9 levels. However, the presence. of turbidity in the sample can cause the presence of elevated metals in 

10 the sample, even though the metals content of the water itself and the soil in which the water is 

11 present do not contain elevated concentrations of metals. This results in the potential for increased 

12 risk to persons ingestion the water even though all concentrations of metals are the result of natural 

13 background. However, it should be remember that ingesting water with visible suspended solids is 

14 generally considered unpalatable. It is considered unlikely that a person or persons would continually 

15 ingest turbid water and, therefore, the potential risk is considered to be very low. 

1 

17 As discussed in Section 4.3, naturally occurring radioactive elements are present within the soils and 

18 fill at the Site. A summary of the average dose equivalent rates from naturally occurring background 

19 radiation are given in Table 6-20 (Eisenbud, 1987). As can be seen from this table, the largest 

20 contributor to external radiation exposure is cosmic radiation. The largest contributor to internal 

21 radiation exposure is the decay of Rn-222 to Pb-214. Exposure to Rn-222 primarily occurs in 

22 subsurface or ground level enclosed spaces (e.g., basements) through the inhalation pathway. There 

23 is no mechanism which is likely increase the dose received above those normally received. 

24 
25 6. 7.2 Uncertainties in the Exposure Assessment 

26 
27 The uncertainties in the exposure assessment result arise from uncertainties in the COCs, the EPC and 

28 the exposure assumptions. The uncertainties associated with each of the portions of the ,exposure 

29 ass.essment are discussed within this section and the potential affects of the uncertainty on the outcome 

30 of the BRA and the R1 are discussed. 

31 

32 The uncertainties associated with the COCs are primarily related to those compounds that were 

33 excluded from the quantitative evaluation. These include both compounds for which no U.S. EPA 

34 approved toxicological data were available and compounds present below the SQL. While the 

) presence of these compounds add to the true potential for risk from exposure to the Site, their 

36 presence is not considered likely to change the conclusions of the BRA or the RI. The uncertainties 
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1 associated with the presence of compounds for which no U.S. EPA toxicological data were available 

2 is discussed in Section 6.7.3 (Uncertainties in the Toxicity Assessment). The uncertainties associated 

3 with the presence of compounds below their SQL is discussed below. 

4 
5 The limits of the analytical methods and equipment prevent the detection of compounds below 

6 detection limits specific to the analysis method, analyte and sample. In addition, the uncertainty 

7 inherent in the analytical process prevents the quantitation of detected compounds at concentrations 

8 below limits, (known as sample quantitation limits (SQLs)), specific to the analysis method, analyte 

9 and sample. The presence of other compounds within a sample may result in matrix interference, as 

10 discussed in Section 6.2. The limitations of the analysis represent limitations within the BRA. 

11 However, these data limitations are not considered to substantially change the results of the BRA or to 

12 alter the conclusions of the BRA or the Rl. The interpretation of the analytical data and the SGM in 

13 Chapter 4 sufficiently defined the nature and extent of contamination. The risk characterization 

14 results showed that the potential for significant risks exist in areas of known contamination with 

15 extensive matrix interference. The use of complex analytical methods could possibly reduce matrix 

1 interferences and, therefore, reduce the associated uncertainties. However, the conclusion of the 

17 BRA, that remedial action is necessary, would not change. Furthermore, the findings of the RI, in 

18 terms of the nature and extent of contamination, would not change since all the areas exhibiting 

19 elevated SQLs were within the historically known areas of contamination. 

20 
21 The uncertainties associated with the calculation of the EPC result from both the statistical methods 

22 used to calculate the EPC and the limitations of the analytical data. In the cases where the 95% UCL 

23 was used as the EPC, the statistical methods used to calculate the EPC were designed to calculate an 

24 upper bound estimate on the mean of the concentration population given the data limitations. This 

25 uncertainty is relatively small and is considered unlikely to alter the conclusions of the BRA. 

26 However, in cases where the maximum detected value was used, the uncertainty may be sufficiently 

27 great to result in a determination that the potential for significant risk is substantially less than that 

28 determined within the BRA for the particular compound being evaluated. As discussed in Sections 

29 6.5.1.1, 6.5.2.2 and 6.5.2.5, isolated, elevated detections, when used as the EPC, resulted in 

30 estimated potentials for risk that are out of proportion to the true potential. For this reason, the 

31 uncertainty associated with this data limitation was evaluated within the context of the risk 

32 characterization results. While further evaluation may result in the conclusion that the potential for 

33 significant risk does not exist for single compounds, it will not substantially change the BRA or alter 

34 the conclusions of the Rl. 
) 
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1 As discussed in Section 6.3, the exposure assumptions for all scenarios were chosen to be very 

2 conservative. Where it was deemed appropriate, the uncertainty and conservativeness of individual 

3 exposure assumptions were discussed within the risk characterization itself. The uncertainties in the 

4 exposure assumptions for each of the exposure scenarios will be discussed below. The on-property 

5 workers (i.e. the EM Science worker and the future commercial/industrial worker), will be discussed 

6 jointly because the exposure assumptions are the same for both scenarios. Similarly, current and 

7 future RME off-Site receptors will be discussed jointly. 

8 
9 There are several sources of uncertainty which are applicable to all exposure scenarios. These 

10 include the subsurface disTribution of contaminants, the influences of natural processes, such as 

11 degradation, infiltration and volatilization, on the EPC and the influence of the urban/industrial nature 

12 of the surrounding area. The conclusions of this BRA are not affected by these sources of 

13 uncertainty. 

14 
15 The determination of risk to construction workers exposed to subsurface contamination is based upon 

) the assumption that excavation occurs to the base of the fill or sixteen feet below grade, whichever is 

17 deeper. The EPCs calculated for the construction worker scenario represent the concentration to 

18 which a construction worker would be exposed if he/she was exposed equally to all excavated soil/fill 

19 (i.e. the construction worker is assumed to be exposed equally to soil/fill that is five feet below grade 

20 and to soil/fill that is sixteen feet below grade). The distribution of VOCs in the subsurface in the 

21 middle portion of the West Ravine, the area south of Building 10 and the area south and east of 

22 Building 4 is such that concentrations increase within depth until they reach a maximum, usually at a 

23 depth greater than sixteen feet. For this reason, the calculated EPCs likely greatly overestimate the 

24 EPCs for construction workers who only access the upper few feet of soil/fill while possibly under 

25 estimating the EPCs for construction workers who excavate to depths of 25 to 30 feet in the middle 

26 portion of the West Ravine, the area south of Building 10 and the area south and east of Building 4. 

27 While the uncertainties associated with the determination of the EPCs for the construction worker 

28 scenario do not alter the conclusions of the BRA, they were considered to mitigate the conclusion that 

29 the potential for unacceptable risks exist for excavation activities when only the upper few feet (5 to 

30 10 feet) of soil/fill are accessed. 

31 
32 The naturally occurring degradation of orgauic contaminants is likely to result in an EPC which 

33 decreases with time. While the concentrations of certain degradation products may increase, the 

34 overall general trend is likely to be decreasing. It is assumed within this BRA that the EPCs are 

5 constant during the time of exposure. Given that the time of exposure is as great as 30 years and the 

36 degradation properties of the detected organic compounds (as discussed in Chapter 5), it is likely that 
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1 significant degradation of some organic compounds would occur during the assumed exposure time. 

2 This is especially true of the concentration of contaminants transported from the Site to the RME off-

3 Site receptor in air. The degradation half-lives of many organic compounds in air are on the order of 

4 magnitude of a few minutes to a few hours. Degradation products (e.g., vinyl chloride, chloroethane 

5 and methylene chloride) were detected in soil/fill and water during the RI and were evaluated in the 

6 BRA. Given the current presence of degradation products and the likely overall decreasing trend in 

7 the concentrations of organic compounds, the EPCs calculated are considered to be conservative. 

8 Most VOCs, the primary sources of risk at the Site, were detected at some depth ( > S feet) below 

9 the ground surface. 

10 
11 Infiltration and volatilization, on the other hand, are more likely to affect those receptors exposed to 

12 the near surface environment. Infiltration is likely to result in the transport of contaminants deeper 

13 into the subsurface, thus reducing surface soil concentrations and decreasing the mass of VOCs likely 

14 to be volatilized from the surface. Infiltration could also result in dilution of those contaminants 

15 within the subsurface. Volatilization is likely to result in an overall decreasing trend in the near 

\ surface concentration of VOCs. Both mechanisms, therefore, are likely to result in decreasing EPCs 
q for those receptors exposed to near surface soil/fill. The EPC is considered to be conservative as the 

18 influence of these mechanisms was not considered in calculation of the EPCs. 

19 
20 The urban/industrial nature of the Site and surrounding area is considered to be a likely contributor of 

21 to the detected concentration of many SSPL constituents, such as SVOCs, DIF and metals, most of 

22 which have very long environmental half-lives. Continued aerial deposition of these compounds from 

23 sources such as automobile and train exhaust and suspended dust is likely. With continued 

24 improvement in automobile emission control systems and whole or partial elimination of sources, such 

25 as coal burning furnaces and leaded gasoline, it is considered likely that the current rate of deposition 

26 is less than the historical rate of aerial deposition. Given that the majority of the Site is paved, the 

27 potential for the urban/industrial nature of the area to influence the detected concentration of SSPL 

28 constituents is considered to be low. Should the pavement be removed, the rate of dust suspension 

29 from the Site would likely increase, thereby increasing the contribution of the Site to the 

30 urban/industrial airborne pollution. The priinary compounds believed to be influenced by the 

31 urban/industrial nature of the Site and surrounding area (i.e. SVOCs, D/F and metals), were generally 

32 not significant contributors to risk. It is considered likely that the future influence of the 

33 urban/industrial nature of the area, assuming that no new major sources of urban/industrial pollution 

34 are introduced, will be negligible with respect to risk. 

l 

6 
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3 The primary uncertainties associated with the on-property worker scenarios (i.e. the EM Science 

4 worker and the future commercial/industrial worker scenarios), can generally be classified under three 

5 headings: 1) uncertainties related to the assumed job duties of the exposed workers; 2) uncertainties 

6 related to the habits of the workers; and, 3) uncertainties related to the assumed exposure 

7 mechanisms. The uncertainties associated with each of these three areas are discussed below. 

8 Evaluation of the uncertainties led to the conclusion that while the uncertainties may indicate that the 

9 potential risks to individual worker populations may be significantly less than those calculated, the 

10 overall uncertainty does not change the conclusions of the BRA. 

11 
12 The exposure assumptions for the on-Site workers were designed to be representative of those 

13 workers who work outside on a regular basis for the majority of their working lifetime (such as dock 

14 workers and maintenance and grounds workers). The potential risks to office workers, production 

15 workers and other employees who spend the majority of their working day indoors are likely to be 

significantly less than the potential risks to workers who spend their working day outdoors. While 

17 the potential risks calculated are considered to be conservative for a general outdoor worker, they are 

18 even more conservative for individual workers whose job duties are primarily indoors or who change 

19 jobs during the course of their employment at the Site. 

20 
21 Sources of uncertainty related to the personal characteristics and habits of the workers result from the 

22 general hygiene habits and dress standards of an exposed worker. Workers who wash their hands 

23 frequently are likely to be exposed to significantly less contaminants than workers with generally poor 

24 hygiene habits. Similarly, those workers who wear gloves and long sleeve shirts on a regular basis 

25 are likely to be exposed to less contaminants than workers who habitually wear long sleeve shirts and 

26 no gloves. 

27 
28 The mechanisms by which workers are exposed to Site contamination include ingestion of, and dermal 

29 contact with, surface soil/fill, both as surface soil/fill and as dust. For workers primarily exposed to 

30 dust (e.g. dock workers and fork lift drivers), the EPCs for exposure to VOCs via ingestion of, or 

31 dermal contact with, soil/fill will be very conservative as VOCs are likely to be volatilized during the 

32 time that the soil was suspended as dust. This decrease in VOC concentrations would result in a 

33 proportionate decrease in the risk from ingestion of, and dermal contact with, soil. It is assumed that 

34 approximately one-quarter of the workers' skin surface area is available for dermal contact. This 

i includes dermal contact with dust, either airborne or settled. For these assumptions to hold true, 

36 surface soil must be available for direct dermal contact and suspension of dust and the workers must 
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1 dress in such a manner that approximately one-quarter of their skin surface area is either unclothed or 

2 the clothing is loose enough to allow for transport of dust under the clothing (i.e. pants and boot/shoe 

3 combinations which allow for limited penetration of dust and shirts without close fitting cuffs). While 

4 this assumption may be reasonable for a worker in a mild climate, for approximately one-half the year 

5 the local climate is not conducive to the wearing of such clothing. Also, under current conditions, the 

6 majority of the Site is paved or covered by buildings. The majority of the unpaved portion of the Site 

7 is grassy or gravel covered, which will limit dermal contact and the suspension of dust to some 

8 extent. 

9 
10 The exposure assumptions of the on-property worker scenarios are generally considered to be 

11 conservative for outdoor workers, such as dock workers and groundskeepers. However, the scenario 

12 is considered to be extremely conservative for the EM Science Site, now and in the future, because 

13 local weather makes year round contact with surface soil/fill highly unlikely. The scenario is even 

14 more conservative for workers who: 

15 
1 spend large portions of their workday indoors; 

7 have good hygiene habits; 

18 habitually wear clothing which limits the skin surface area available for dermal contact; and 

19 are primarily exposed to soil/fill which has been suspended as dust. 

20 
21 So while the assessment of the uncertainty associated with the on-property worker scenarios indicates 

22 that the scenarios assessed are extremely conservative for most populations of workers, it does not 

23 alter the conclusions of this BRA. The potential risks calculated for these scenarios are considered to 

24 be sufficiently representative for the purposes of the RI (i.e. determining if remedial action is 

25 required). 

26 
27 Trespasser 

28 
29 The primary uncertainties associated with the trespasser scenario are generally related to two items: 

30 1) the assumed activities and activity patterns of the trespasser; and, 2) the general hygiene habits and 

31 standard of dress for the trespasser. It was determined from the assessment of the uncertainty that the 

32 assumptions used to assess the potential risks to a trespasser, while extremely conservative, are 

33 sufficiently reasonable to determine if remedial actions are required. 

34 
, 5 A primary contributor to the uncertainty of the trespasser scenario is the assumed activities and 

6 activity patterns of a trespasser. Youthful trespassers do not engage in the standard expected activities 
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1 of a worker or a resident. It was assumed that the trespasser averages 52 visits per year to the Site 

2 with an average length of stay of 4 hours per visit from age 7 to age 18. While such an activity 

3 pattern could be considered reasonable for a less secure facility, or a facility with features attractive to 

4 a potential trespasser (i.e. empty buildings and/or large grassy or wooded areas), the fencing and 

5 active security present at the EM Science Site minimize the potential for exposure. It is considered 

6 unlikely, but not unreasonable, that a trespasser would regularly visit a single Site over a twelve year 

7 period. The territory, or range, of a trespasser is likely to increase as the trespasser ages, especially 

8 in urban areas where attractions geared toward various age groups and public transportation are 

9 present. The trespasser in the area of the mouth of the West Ravine is assumed to contact perched 

10 ground water discharging at the Outfall each time he/she accesses the Site which, while being 

11 conservative, is considered highly unlikely. For this reason, the trespasser scenario outlined within 

12 this risk assessment is considered to be extremely conservative. 

13 

14 As with the on-property worker, the general hygiene habits and standard of dress of a trespasser 

15 influences the degree to which the trespasser is exposed. A trespasser who traditionally dresses in 

) blue jeans and a long sleeve shirt is likely to be exposed to significantly less contaminants than a 

17 trespasser who dresses in shorts and a short sleeve shirt. Similarly, a trespasser who has good 

18 general hygiene habits is likely to be exposed to less contaminants than a trespasser with poor hygiene 

19 habits. While the general habits of each individual trespasser are likely to influence the amount of 

20 exposure the individual trespasser, the uncertainty introduced by the variability of individual hygiene 

21 habits and standard of dress does not alter the conclusions of the BRA. 

22 

23 The trespasser scenario is also used to bound the potential for risk to other receptors, such as delivery 

24 persons, contractors who engage in non-excavation activities and ODOT personnel, who access 

25 portions of the Site on an irregular or intennittent basis. The exposure to such persons is likely to be 

26 less than that hypothesized for the trespassers. Intennittent Site visitors usually have limited, if any, 

27 contact with the unpaved portions of the Site and many spend limited time on-Site. The assumptimis 

28 for dermal exposure are very similar to those of the on-Site worker scenarios, i.e., one-quarter of the 

29 skin surface area is available for exposure. While this may be reasonable for youthful trespassers, it 

30 is unlikely for most other intennittent visitors. 

31 
32 The assessment of the uncertainty associated with the trespasser scenario indicates that the scenario is 

33 extremely conservative. Under current operating conditions, the scenario could be considered to be 

34 unreasonably conservative. However, the scenario is considered to be adequate for detennining if 

5 remedial action is required. 

36 
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3 The primary sources of uncertainty in the construction worker scenario are related to the assumed 

4 activities of the construction worker scenario, the quantification of the exposure from the various 

5 exposure pathways and the hygiene habits and standard of dress of the individual construction 

6 workers. It was determined from a review of the uncertainties associated with the construction 

7 worker scenario that the exposure assumptions, while very conservative, are adequate for the purposes 

8 of the RI. 

9 
10 The exposure assumptions related to the activities of the construction worker are extremely 

11 conservative. The construction worker is assumed to engage in excavation activities 200 days per 

12 year for two years. It is considered unlikely that any standard construction would require excavation 

13 of that duration. Many construction activities, such as installation of pavement, reqUire minimal 

14 excavation. Other construction activities, such as routing or rerouting of subsurface utilities and 

15 building maintenance or expansion, frequently require only a week to a few months to complete. For 

many activities which involve excavation, such as building construction, the excavation activities 

7 involve a fraction of the time required for the entire project. The assumed activities of the 

18 construction worker scenario are considered to be extremely conservative. However, a reduction in 

19 the conservativeness of the exposure assumptions is unlikely to alter the conclusions of the BRA. 

20 

21 The quantification of the exposure from various exposure pathways, primarily the inhalation pathway, 

22 is a major source of uncertainty in the construction worker scenario. The primary source of 

23 uncertainty is the inhalation pathway during excavation. The potential exposure from this pathway 

24 was not quantified, largely because of the specificity of the assumptions which must be made to 

25 conduct appropriate air modeling. The method of excavation (e.g. hand shoveling or backhoe), the 

26 handling of the excavated materials after excavation (e.g. dried for use as engineering fill, dropped 

27 into a truck from a given height for transportation off-Site or stockpiled for return to the excavated 

28 area), the dimensions of the excavation (e.g. an excavation suitable for a sewer line or a hole large 

29 enough for a building foundation), the time of excavation and the atmospheric conditions during 

30 excavation (e.g. temperature, wind speed and cloud cover) must be specified if appropriate results are 

31 to be obtained. Given the time and cost intensive nature of the air modeling required to produce a 

32 representative cori.centration term, the specificity of the assumptions which are required, and the fact 

33 that the risks from the inhalation pathway are unlikely to alter the conclusions of the BRA, emissions 

34 during excavation activities were not modeled within the RI. Modeling will be conducted within the 

i FS, as appropriate. 

6 
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1 As with other receptor scenarios, the general hygiene habits and dress standards of the individual 

2 construction workers could alter their individual exposures to contaminants. While these personal 

3 habits and standards can significantly reduce the risks to individual receptors, the uncertainty 

4 associated with them is not considered to alter the conclusions of the BRA. 

5 
6 The assessment of the uncertainty of the construction worker scenario indicate that it is very 

7 conservative. However, a reduction in the conservativeness and/or uncertainty is considered unlikely 

8 to alter the conclusions of the Rl. It is therefore concluded that the exposure assessment for the 

9 construction worker scenario is adequate for the purposes of the Rl. 

10 

11 RME Off-Site Receptor 

12 

13 The uncertainties associated with the RME off-Site receptor scenario primarily relate to the air 

14 modeling used to estimate the EPC and the mobility of the nearby residents. The uncertainties in the 

15 air modeling were discussed in Chapter 5 and will only be briefly reviewed here. The uncertainty 

associated with the RME off-Site receptor does not alter the conclusions of the BRA. 

17 

18 The air modeling used to determine the EPC was designed to be conservative. For the modeling of 

19 fugitive dust emissions, the maximum detection of the modeled contaminants in near surface soil was 

20 used as the soil concentration. The concentration used in the modeling of VOC emissions was 

21 similarly biased high. The effects of structures (such as buildings, vegetation and the changes in 

22 topography), which are likely to impede the suspension of dust, or the effects of degradation of 

23 compounds in the air were not evaluated in the model. As the uncertainty associated with all 

24 modeling assumptions was on the conservative side, the results were considered appropriate for the 

25 purposes of the RI. The conservativeness of the modeling is unlikely to alter the conclusions of the 

26 BRA. 

27 

28 While the mobility of the nearby residents in unknown, it was assumed that they would live at their 

29 present locations for 30 years, the national 90th percentile at one residence. The mobility of the 

30 individual residents relates to many factors that are largely unaffected by the Site. The national 

31 median time at one residence is 9 years (U.S. "EPA, 1989e). Another factor to the mobility is the 

32 time spent at home on a daily basis. It is assumed in the BRA that the residents are at home 24 hours 

33 per day for 350 days per year. While these assumptions may be representative of some populations, 

34 such as young children and housewives, they are umeasonably conservative for populations, such as 

5 people who travel frequently, persons with employment outside the home, and even housewives who 

36 are active outside the home. While the assumptions are considered to be extremely conservative, they 
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1 are standard exposure assumption in guidance and are considered to be appropriate for the purposes 

2 of the Rl. 

3 
4 Summary of Exposure Assessment Uncertainty 

5 
6 The uncertainties associated with the exposure assessment reflect two major issues: 1) the variability 

7 in human behavior; and, 2) the lack of consideration of natural attenuating factors such as 

8 degradation. Both issues were handled in a conservative fashion which likely resulted in an 

9 overestimation of the potential for risk. However, they were considered to be handled appropriately 

10 for the purposes of the Rl. The exposure assumptions were designed to include those subgroups of 

11 the general population that are most likely to be exposed. For this reason, the outdoor worker who 

12 comes into contact with soil/fill was evaluated in the on-property worker scenario even though the 

13 risk results calculated likely overestimate risk by an order of magnitude or more for virtually all 

14 workers. A reduction in the uncertainty in the exposure assessment is unlikely to alter the 

15 conclusions of the BRA or the Rl. For this reason, the level of uncertainty in the exposure 

assessment is considered to be acceptable. 

7 
18 6.7.3 Uncertainties in the Toxicity Assessment 

19 
20 The uncertainties in the toxicity assessment are primarily related to uncertainties in the studies 

21 evaluating toxicity and the lack of toxicity information for many SSPL contaminants. Another source 

22 of uncertainty which will be discussed is the difference in toxicity between different valence states of 

23 chromium. 

24 
25 The toxicity values used in this BRA were obtained from recognized U.S. EPA sources, as discussed 

26 in Section 6.4. The assessment of toxicity involves the review of the data available on the potential 

27 of a contaminant to produce a range of effects. Available human and animal data were reviewed to 

28 determine the potential adverse affect associated with each contaminant and the potency of each 

29 contaminant with respect to the identified adverse affects. Human health risks potentially associated 

30 with exposures to chemicals are best detennined by examining human data, such as epidemiological 

31 studies. However, human toxicity data adequate to serve as the sole basis of dose-response 

32 assessments are available for only a few chemicals (U.S. EPA 1989e). Therefore, toxicological 

33 information for most chemicals must be inferred from animal experiments. In the evaluation of 

34 toxicological information, several uncertainty factors and modifying factors are applied to extrapolate 

5 the results from animal experiments to humans. For example, the reference dose (RID) for acetone is 

6 based upon a study of the effect of acetone on rats. The No Observed Effect Level (NOEL), i.e., the 
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1 level at which no identifiable. effects were observed, for the study was 100 mg/(kg-day). Two 

2 uncertainty factors were applied to the NOEL to determine the RID. An uncertainty factor of 100 

3 was used to account for the inter- and intra-species variation. That is, an uncertainty factor of 100 

4 was used to account for the differences between the sensitivity of rats and the sensitivity of humans 

5 and the natural variability in sensitivity between members of the same species. Another uncertainty 

6 factor of 10 was used to account for the extrapolation from a subchronic study to chronic exposure. 

7 That is, the study used exposed the rats to acetone for 90 days. The second uncertainty factor 

8 accounts for the fact that an effect may have been observed if the study had lasted longer. Therefore, 

9 assuming that humans are as susceptible to acetone as rats, the risk calculated may have been 

10 overestimated by a factor of 1, 000. This conservative methodology was used in determining the 

11 toxicity factors for all COCs. For this reason, all results are considered to be conservative. 

12 

13 There were a number of compounds which did not have U.S. EPA approved toxicity values. 

14 Compounds, other than background compounds, ani largely limited to the areas of soil contamination 

15 and most are present only within areas of soil contamination for which the determination that the 

potential for significant risk exists. For this reason, it is considered unlikely that the lack oftoxicity 

17 values alters the conclusions of the RI. While no toxicity values are available for lead, a soil 

18 concentration of 400 mg/kg is considered to be a screening level for residential exposure (U.S. EPA, 

19 1994a). This concentration is considered to be protective of residents, including young children. The 

20 EPC for lead is given for all areas of soil contamination in Table 6-21. As can be observed from this 

21 table, the only soil population for which the mean lead concentration exceeded the screening level was 

22 the subsurface fill of the East Ravine. 

23 

24 Chromium primarily occurs in two valence states Cr(III) and Cr(VI). Cr(VI) is more toxic than 

25 Cr(TII), but is also encountered less often. Cr(VI) is primarily associated with plating operations. 

26 Cr(III) is the predominant form of chromium naturally present in the environment as Cr(VI) is a 

27 strong oxidant which reduces rapidly to Cr(TII) (reaction going to completion in less than 5 minutes) 

28 in the presence of ferrous iron minerals, reduced sulfur, and soil organic matter (U.S. EPA, 1994d), 

29 assuming pH between 5.5 and 12. Chromium was detected in soil and fill beneath the Site, primarily 

30 at background concentrations. There is no known historical information indicating that plating has 

31 taken place on-Site although the possibility that plating waste was deposited in the East Ravine can not 

32 be precluded. If it was, it was probably restricted to the northeastern corner of the property, where a 

33 former scrap yard was located in the 1950s. For these reasons, it is considered likely that the 

34 chromium present is Cr(III). However, for informational purposes, the risk results from the exposure 

5 to Cr(III) and Cr(VI) are both given in Table 6-22. As can be observed from Table 6-22, the 

36 assumption that all chromium present is in the form of Cr(VI) does result in the conclusion that the 
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1 potential for unacceptable risk exists for all exposure scenarios. As discussed in Section 4.2.1, the 

2 surface concentrations of chromium are consistent with background. 

3 

4 6. 7.4 Uncertainties in the Risk Characterization 

5 

6 The uncertainties in the risk characterization are a result of the cumulative uncertainties of each 

7 portion of the BRA, i.e., the data evaluation, the exposure assessment and the toxicity assessment. 

8 The uncertainties in the data evaluation are limited and are likely to have a neutral impact. That is, 

9 statistically speaking it is just as likely to have a result that is slightly low as it is to have a result that 

10 is slightly high, therefore, in the end, the uncertainties are likely to average out and to have a 

11 negligible net affect. The uncertainties in the exposure assessment and the toxicity assessment have 

12 been compensated for in a conservative fashion. Therefore, the risk characterization is likely to result 

13 in an overestimation of the potential for risk from exposure to the Site. While the risk 

14 characterization is considered to be an overestimation of the potential for risk, it is considered to be 

15 adequate for the purposes of the RI, i.e., to determine if remedial action is necessary and provide the 

justification for performing remedial actions. 

7 
18 6.8 Summary and Conclusions 

19 
20 The potential for risk from exposure to Site contamination was evaluated within the BRA. The 

21 evaluation of the potential for risk involved a review of the data, the evaluation of potential exposure, 

22 an assessment of the toxicity of the detected compounds, a characterization of the risk and a 

23 discussion of the uncertainty within the BRA. The risk assessment process will be briefly reviewed in 

24 this section and the results of the BRA will be reviewed. 

25 

26 Risk Assessment Process and Assumptions 

27 
28 A review of the data collected for use within the BRA showed it to be of usable quality and 

29 sufficiently complete for the purposes of the BRA. The results of the nature and extent showed that 

30 the soil contamination could be divided into four primary areas of VOC contamination, and two 

31 secondary areas of contamination. Risk was evaluated with respect-to these six areas of 

32 contamination. Perched ground water was also divided into two groups (Group I and Group II) based 

33 on the evidence of impact by Site contamination. A review was also conducted of the influence of 

34 elevated sample quantitation limits (SQLs). This review indicated that while elevated SQLs existed in 

i areas of known contamination, they were limited to these areas. While the elevated SQLs have the 

5 potential to mask the presence of contaminants present within the areas of contamination, they were 
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1 considered nnlikely to alter the conclusions of the BRA because, as shown by the risk characterization 

2 results, these areas have the potential for unacceptable risks. The affects of turbidity were also 

3 discussed. Turbidity was shown to influence the concentrations of metals and D/F in perched ground 

4 water. As highly turbid ground water is generally unsuitable for potable use, ground water samples 

5 with turbidities greater than 200 NTUs were not considered in the determination of the EPC for 

6 metals and D/F in ground water. 

7 
8 Contaminants detected in perched ground water and soil/fill were evaluated for the potential to pose 

9 unacceptable risks in three current, three future, and one comparison scenario. The current exposure 

10 scenarios receptors were EM Science workers, trespassers and RME off-Site receptors, determined to 

11 be nearby residents. The future exposure scenarios receptors were future commercial/industrial 

12 workers, construction workers and future RME off-Site receptors, also determined to be nearby 

13 residents. The comparison exposure scenario receptors were hypothetical residential users of ground 

14 water. The Site was assumed to be entirely unpaved in future exposure scenarios. 

15 
The toxicity assessment relied upon U.S. EPA approved data within the Integrated Risk Information 

17 System (IRIS) and the Health Effects Assessment Summary Table (HEAST). The information used 

18 included reference doses (RIDs) and cancer slope factors (CSFs). RIDs are estimates of the daily 

19 exposure that is likely to be without an appreciable risk of deleterious noncarcinogenic health effects. 

20 The CSF are upper bound estimates of the carcinogenic risk to humans associate with exposure to a 

21 particular chemical. Where appropriate, the toxicity values for a single compound (e.g., 2,3,7,8-

22 TCDD or B(a)P) were used to estimate the risks from other chemically similar compounds which 

23 produce very similar adverse health affects by very similar mechanisms of action, as per appropriate 

24 U.S. EPA guidance. 

25 
26 6.8.1 Risk Characterization Results for Ground Water 

27 

28 The results of the risk characterization showed that the potential for significant risks does not exist 

29 from exposure to Group I ground water under the assumptions of the residential or construction 

30 worker scenarios. Review of the risk characterization also showed that: 

31 

32 the mass of contaminants available for potential exposure-were limited; and, 
33 
34 the detections of non-background compounds were associated with conditions which rendered the 
15 sample and/or the saturated zone from which the sample was collected unusable for general 

J potable use. 
37 
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1 The risk characterization results for the Group II ground water showed that the potential for 

2 significant noncancer and cancer risks exist under both residential and construction worker exposure 

3 scenarios. The risk characterization results for the residential exposure scenario showed: 

4 
5 acetone, chloroethenes (1 ,2-DCE and PCB), chloromethanes (carbon tetrachloride, chloroform 
6 and methylene chloride), ethylbenzene, toluene and xylenes are present in sufficient quantities to 
7 potentially result in adverse, noncancer health affects; 
8 
9 1 ,4-dioxane, benzene, chloroethanes (1,2-DCA), chloroethenes (TCE and vinyl chloride) and 

10 chloromethanes (carbon tetrachloride, chloroform and methylene chloride) are present in sufficient 
11 quantities to result in unacceptable cancer risks; 
12 
13 the potential for adverse, noncancer health affects in residential receptors from ingestion of 
14 SVOCs exists in limited areas of the Site in water that is unsuitable for general household use; 
15 and, 
16 
17 the potential for adverse, noncancer health affects exists from exposure to arsenic and barium and 
18 the potential for unacceptable cancer risks exists from exposure to arsenic. 

0 The risk characterization results for the construction worker scenario showed that: 

21 
22 acetone, chloroethenes (1,2-DCE), chloromethanes (carbon tetrachloride, chloroform and 
23 methylene chloride) and toluene are present in sufficient quantities to potentially result in adverse, 
24 noncancer health affects; 
25 
26 1,4-dioxane, benzene, chloroethanes (1,2-DCA), chloroethenes (TCE, PCE and vinyl chloride) 
27 and chloromethanes (carbon tetrachloride, chloroform and methylene chloride) are present in 
28 sufficient quantities to result in unacceptable cancer risks; 
29 
30 the potential for adverse, noncancer health affects from exposure to SVOCs exists in the middle 
31 portion of the West Ravine; and, 
32 
33 the potential for adverse, noncancer health affects exists from exposure to arsenic and barium and 
34 the potential for unacceptable cancer risks exists from exposure to arsenic. 
35 
36 The risk characterization results for Seep-562 and the Outfall show!!(i that the potential for 

37 unacceptable noncancer or cancer risks does not exist. Similarly, the risk characterization results for 

38 Seep C in the 84-inch sewer showed that the potential for significant risks from exposure to Seep C 

39 does not exist. 
~o 
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1 The risk characterization results for the ground water modeled to the eastern property boundary 

2 showed that: 

3 
4 chloroethenes (1,2-DCE) and chloromethanes (carbon tetrachloride) have the potential to result in 
5 adverse, noncancer health affects under the residential exposure scenario; and, 
6 
7 chloroethanes (1,1,2,2-PCA), 1,4-dioxane and chloromethanes (carbon tetrachloride) have the 
8 potential to result in unacceptable cancer risks under the residential exposure scenario. 
9 

10 The risk characterization results assume: 

11 

12 that no degradation takes place during the transport of contaminants; and, 

13 the length of time require for the contaminants to migrate has elapsed. 

14 
15 6.8.2 Risk Characterization Results for Areas of Soil Contamination 

16 

' The risk characterization results the six areas of soil contamination showed that VOCs had the 

18 greatest potential to result in risks of concern in the primary areas of VOC contamination while 

19 resulting in negligible risks in the secondary areas of contamination. 

20 
21 Risk Characterization Results for Primarv Areas of VOC Contamination 

22 

23 The risk characterization results for the primary areas of VOC contamination showed that VOCs were 

24 the contaminant group with the greatest potential to cause adverse health affects. While the potential 

25 for adverse health affects from exposure to surface soil/fill and perched water is very limited, the 

26 potential for adverse health affects from exposure to contaminants both subsurface soil/fill and 

27 perched ground water does exist if excavation activities take place. 

28 
29 The risk characterization results for the middle portion of the West Ravine showed that: 

30 

31 the potential for unacceptable health risks above background to off-Site receptors or trespassers 
32 was not found to exist under the scenario evaluated; 
33 
34 the limited area of elevated VOCs near VZ329 have very limited potential to result in adverse, 
35 noncancer health affects and/or unacceptable cancer risks to on-Property workers; and, 
36 
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1 VOCs within the soil/fill and perched ground water have the potential to result in adverse health 
2 impacts during excavation either through direct contact and incidental ingestion of the ground 
3 water and/or inhalation of VOCs released from soil/fill and/or ground water. 
4 
5 The risk characterization results for the mouth of the West Ravine and the area along S .R. 562 

6 showed that: 

7 
8 the potential for unacceptable noncancer or cancer risks does not exist for receptors exposed to 
9 surface soil/fill and water in the mouth of the West Ravine (i.e., trespassers and RME off-Site 

10 receptors); and, 
11 
12 VOCs within the subsurface soil/fill and perched ground water have very limited potential to 
13 result in adverse health affects from exposure of construction workers during excavation activities 
14 in limited portions of the area along S.R. 562. 
15 
16 The risk characterization results for the area south and east of Building 4 showed: 

17 
1 the potential for significant risks to receptors exposed to surface soil/fill (i.e. on-property 
9 workers, trespassers and RME off-Site receptors) does not exist; and, 

20 
21 VOCs have very limited potential to result in adverse health affects in construction workers from 
22 exposure during extensive excavation activities. 
23 

24 The risk characterization results for the area south of Building 10 showed: 

25 
26 the isolated area of elevated mercury, currently under pavement, has limited potential to result in 
27 adverse, noncancer health affects in on-property workers; 
28 
29 the potential for unacceptable noncaricer or cancer risks was not found to exist for the trespasser 
30 or the RME off-Site receptor; and, 
31 
32 VOCs have the potential to result in adverse, noncancer health affects and unacceptable cancer 
33 risks from exposure of construction workers and other proximal receptors during excavation 
34 activities. 
35 
36 Risk Characterization Results for Secondarv Areas of Soil Contamination 

37 
38 The risk characterization results for the secondary areas of contamination showed that VOCs 

39 contributed negligible amounts to the total noncancer and cancer risks for these areas. The primary 
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1 contributors to risk in these areas were SSPL constituents associated with the nature of the fill placed 

2 within these areas and/or background, either natural or anthropogenic. 

3 

4 The risk characterization results for the upper portion of the West Ravine showed that for all 

5 receptors: 

6 
7 the potential for adverse, noncancer health affects does not exist; 
8 
9 the potential ELCR is within the 10_. to 104 risk range; and, 

10 
11 the primary contributors to the ELCR are either natural and/ or anthropogenic background 
12 constituents (arsenic and B(a)P). 
13 

14 The risk characterization results for the East Ravine showed: 

15 
16 the potential for significant risks to EM Science workers, trespassers or RME off-Site receptors 
'7 does not exist; 

J 

19 PCBs have limited potential to result in adverse, noncancer health affects in unprotected workers 
20 exposed to surface soil/fill currently under pavement; and, 
21 
22 the potential for adverse, noncancer health affects exist for construction workers who engage in 
23 extensive excavation activities. 
24 
25 Site Wide Risk Characterization Results 

26 
27 The Site-wide risk characterization showed that: 

28 

29 PCBs, currently under pavement have limited potential to result in adverse, noncancer health 

30 affect in receptors exposed to surface soil/fill; and, 

31 

32 VOCs have the potential to result in adverse, noncancer health affects in construction workers 

33 engaged in excavation activities. 
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5 This chapter provides a summary of the RI Report for the EM Science Site and states the major 

6 conclusions of the investigation. The first part summarizes the relevant discussions presented in 
7 Chapters 1 through 6. The last part presents the conclusions of the RI. The conclusions will assist in 

8 conducting the Feasibility Study. 

9 

10 7.1 Site Description and Relevant History 

11 

12 EM Science is an operating chemical manufacturing facility located at 2909 Highland Avenue, 

13 Cincinnati, Ohio. Since the late 1940s, the facility has been used by EM Science and prior owners 

14 for the manufacturing and warehousing of organic and inorganic solvents, acids, other liquids, and 
'~ powders. The EM Science Site is situated within a mixed commercial/industrial setting where it is 

~ entirely confined by transportation corridors and developed properties. Two former drainage channels 

'7 existed on the EM Science property (West and East Ravines) which were filled with soil and debris 

18 between the 1930s and 1970s. Before EM Science purchased the facility in 1977, chemical burial, 
19 discharge, and leakage occurred within the central and southern portions of the property between the 

20 1950s and early 1970s including the placement of waste chemicals, containers, and construction 

21 materials in the West Ravine. 

22 

23 Contaminant migration from on-property source areas occurred beneath the eastern and southeastern 

24 property boundaries before EM Science implemented four interim remedial actions in the 1980s and 
25 early 1990s. The interim actions were in response to the findings of regulatory site inspections by the 

26 U.S. EPA and Ohio EPA, and volunteer environmental Site investigations conducted by EM Science 
27 during the 1980s. In December 1992, EM Science agreed with the Ohio EPA in an Administrative 

28 Order on Consent (AOC) to conduct a RI/FS at the Site to determine the risks to human health and 

29 the environment that exist from the historical releases of chemicals. The major issues associated with 

30 the description and history of the Site are summarized below: 
31 
32 The EM Science property is composed of three previously existing parcels that were acquired by previous 
33 owuers of the facility. The property is almost entirely paved and contains numerous production, 
34 warehousing, and office buildings along with other chemical manufacturing/storage strucrures. The filling 
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1 of the West Ravine with soil, chemicals, and other debris by previous owners of the facility occurred 
2 between 1952 and 1971. A IS-inch storm sewer was placed at the base of the West Ravine as it 
3 progressively filled form the northwest to the southeast. The slope of the fill of the West Ravine and the 

4 terminus of the storm sewer (or Outfall) are situated within the mouth of the West Ravine which is located 
5 at the southeastern comer of the facility. The East Ravine was filled with soil and construction debris 
6 between 1938 and the early 1970s. There is no record of chemical placement in the East Ravine. An 84-
7 inch storm sewer constructed by EM Science exists within the former channel of the East Ravine. 
8 
9 The historical areas where chemical sources existed at the EM Science facility include: 

10 
11 I. The central and southeastern portion of the property which contains the fill of the former West 
12 Ravine. Contaminated discharge from the Outfall is collected by a concrete Sump (Sump-562) 
13 located at the lower portion of the West Ravine mouth. Sump-562 was constructed in 1983 by EM 

14 Science as an interim action. 
15 
16 2. The area immediately south of Building 10 (a former chemical distillation and production building). 
17 This area contained a process sewer line that ran from the Building 10 to the West Ravine where it 
18 discharged to the ground. Contaminants originating from the process sewer have migrated to perched 
19 ground water that is captured beneath the eastern portion of the facility by a French Drain collection 

system. The French Drain was constructed by EM Science in 1988 to prevent off-property 
contaminant migration. Beneath the western edge of the former East Ravine, an interim action 

22 gradient control well (P6A) was implemented by EM Science in 1992 to prevent the migration of 
23 perched ground water contaminants (in coarse grained deposits situated beneath the French Drain) to 

24 the eastern property boundary. 
25 
26 3. The Building 4 area where a trench drain discharged from the northeast and southeast comers of the 
27 building, and where a former Tank Farm existed just east of the building. Contaminants originating 
28 from this area of the property have migrated to a ground water seep (Seep-562) located along an 
29 engineered cut-slope west of Sump-562. Seepage from Seep-562 is also collected by Sump-562. 

30 
31 In addition to the on-going interim actions cited above, EM Science also initiated a storm water 

32 management program in 1987 to collect and redirect on-property storm water at process operation 

33 areas including areas where historical chemical releases occurred. In accordance with the AOC, an 

34 Interim Action Efficacy program was conducted during the Rl to technically evaluate each of the 

35 existing interim actions. The program demonstrated that each interim action was performing at a 

36 level consistent with its original performance objectives and goals. The results were documented in 

37 an Interim Action Efficacy Report which was approved by the Ohio EPA on March 20, 1995. 

38 

39 
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3 The RI was conducted according to the procedures outlined in the November 19, 1993 RifFS Work 
4 Plan. The RI consisted of multiple tasks that were completed during seven phases of sampling 
5 between December 1993 and August 1995. All data presented in the RI Report were collected and 
6 analyzed in accordance the Data Quality Objectives established in the RI/FS Work Plan, and were 
7 validated following procedures presented in the RI/FS Work Plan. The major tasks conducted during 
8 the RI are summarized below: 

9 
10 During the investigation, 73 soil borings were drilled to collect samples for analytical or geotechnical 
11 laboratory analyses, or to assess the geological characteristics beneath the Site. The majority of the soil 
12 borings were drilled on property, however, 21 of the borings were drilled off property in the southern 
13 portion of the Site. Continuous soil samples were collected at all soil boring locations for geological 
14 description and/or geotechnical analyses. The RI soil boring program: I) defined the vertical and 
15 horizontal extent of contamination at source areas; 2) characterized the fill of the West and East Ravines; 
16 3) conf"mned that Iio other contaminant source areas exist on the property; and, 4) evaluated the geological 

characteristics of the Lower Till and Norwood Trough Sand and Gravel Units by drilling selected rotosonic 
borings to deeper depths (up to 175 feet). 

) 

20 Thirteen new monitoring wells were added to the existing well network which consisted of 52 wells at the 
21 time the RI was initiated. The majority of the new monitoring wells were drilled off property in the 
22 southern portion of the Site to assess ground water contaminant migration. In addition, four existing wells 
23 were abandoned and replaced with new wells. The new and existing wells along with four ground water 
24 seepage or discharge points were sampled during 5 of the 7 phases of work. Several wells and contaminant 
25 groups were eliminated from the last ground water sampling event (Phase VII) due to the consistency in 
26 detected contaminants during previous sampling events. During the Rl, the majority of the monitoring 
27 wells were sampled with dedicated low-flow sampling pumps to minimize turbid conditions associated with 
28 low-yielding perched ground water beneath the Site. In addition, slug testing was completed at 19 of the 
29 wells to provide data for the development of the Site Geological Model. 
30 
31 A Site Specific Parameter List (SSPL) was developed during the early portion of the RI so that a more 
32 pertinent and practical list of detected contaminants were analyzed for during subsequent phases of work. 
33 The SSPL was developed from U.S. EPA Appendix IX List analytical data derived from soil and ground 
34 water samples collected during Phases I and II of the RI. The SSPL consisted of volatile organic 
35 compounds (VOCs), semi-volatile organic compounds (SVOCs), polychlorinated biphenyls (PCBs), metals, 
36 dioxins and furans, and cyanide. 
37 
38 Additional sampling that took place included an assessment of background metals concentrations and 
39 radionuclide concentrations in soil and perched ground water. Background samples were collected from soil 
40 borings and monitoring wells located along the western and northern property boundaries. The sampling 
41 program for radionuclides took place during the first four phases of the RI and included the analysis of an 
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1 extensive suite of radionuclides in background and non-background soil and ground water samples, and the 

2 assessment of ground water turbidity on elevated radionuclide results. Through extensive sampling and an 

3 analysis, it was concluded that detections of radionuclides beneath the Site were representative of natural 
4 background. 
5 
6 There were four specific areas on the Site where data were collected during the Rl to support the air 

7 pathway characterization: I) 0 to 2 feet soil samples from on-property unpaved areas; 2) water samples 
8 from Seep-562 located at the southern portion of the mouth of the former West Ravine; 3) air and water 
9 samples at the Outfall in the mouth of the former West Ravine; and 4) water samples and air flow 

10 measurements at location Sewer C in the 84-inch storm sewer. Of these four areas, air samples were only 

11 collected at the Outfall pipe. 
12 

13 In addition to the Efficacy Report, six Technical Memorandums summarizing interim field and 

14 analytical results, and 11 Technical Amendments to the RI/FS Work Plan were submitted to the Ohio 

15 EPA during the RI. The documents were used to inform the Ohio EPA Site Coordinator of the 

16 preliminary geological and analytical results of the RI, and to support the justification for 

17 modifications to the RI/FS Work Plan because of unanticipated conditions encountered in the field. 

19 7.3 Environmental Setting 

20 

21 The characterization of the environmental setting of the Site and surrounding area: 1) evaluated the 

22 regional hydrogeological characteristics of the area; 2) characterized the geological and 

23 hydrogeological setting beneath the Site including the development of a Site Geological Model 

24 (SGM); and, 3) identified the demographics of the area surrounding the Site. The SGM consists of 

25 three main hydrostratigraphic systems: a Perched Ground Water System, a Confining System, and a 

26 Confined Aquifer System. The Confined Aquifer System (i.e. Norwood Trough Aquifer) is separated 

27 from the Perched Ground Water System by approximately 100 feet of non-saturated deposits 

28 associated with the Confining System. The extensive amount of geological and geotechnical used to 

29 develop the SGM demonstrated that there are limited pathways for horizontal or vertical contaminant 

30 migration beneath the Site. Migration horizontally is restricted to discontinuous perched ground water 

31 zones within the Perched Ground Water System. Vertically, migration is restricted by silt and clay 

32 deposits associated with the lower portion of the Perched Ground Water System (i.e. Lacustrine and 

33 Lower Clay Units), and the units within the Confining System which include: the 10 to 30 feet thick 

34 Lower Till Unit which is present beneath the entire Site; and, underlying the Lower Till Unit, the 90 

35 to 100 feet thick unsaturated, partially cemented, silt, sand, and gravel deposits situated the upper 

36 portion of the Norwood Trough Sand and Gravel Unit (i.e. Upper Non-Saturated Zone). 
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1 The hydrogeology varies considerably within the predominantly silt and clay-rich Perched Ground 

2 Water System. Ground water is restricted to discontinuous sand seams, lenses, and channels, and to 

3 the backfill of storm sewers. Perched ground water is more prevalent beneath the central and eastern 

4 portions of the Site where coarser deposits exist. The majority of the monitoring wells screened 

5 within the Perched Ground Water System are low yielding and slow to recharge. These conditions 

6 resulted in elevated ground water turbidity at several well locations during the earlier quarterly 

7 ground water sampling events. The turbid conditions were minimized during later events through the 

8 more extensive use of ground water sampling pumps. 

9 

10 The low permeability of the clays and silts which dominate the Perched Ground Water System behave 

11 as an aquitard that can store perched ground water but transmit it slowly from one porous saturated 

12 zone to another. Flow directions in the Perched Ground Water System are artificially controlled by 

13 the French Drain and P6A interim actions. No perched ground water exists in the Confining System. 

14 The Norwood Trough Aquifer, situated at a depth of 175 feet below the facility, was demonstrated to 

be under confined conditions beneath the Site. 
') 

17 A sununary of the relevant issues associated with the Site physical setting is presented below: 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

The EM Science Site is situated within the Norwood Trougb buried glacial valley. The bottom of the 
Norwood Trough lies at about 375 feet MSL, or approximately 235 feet below the Site. The bottom two
thirds of the Norwood Trough are filled with fining upward outwash sand and gravel deposits that are up to 
125 feet thick; the upper one-third consists of 80 to 125 feet of glacial tills, glaciofluvial, and 
glaciolacustrine deposits. The Norwood Trougb Aquifer (NTA), a U.S. EPA designated sole source 
regional aquifer, exists in the basal saturated portion of the outwash sand and gravel deposits. Within a 
one-mile radius of the Site, ground water pumped from the NTA is used solely for industrial production 
purposes; no water derived from the NTA is utilized for drinking. 

The Site is located within the Little Miami River drainage basin above the 100-year flood plain. The 
nearest surface water body is Duck Creek located 600 feet southeast of the EM Science property. In the 
vicinity of the Site, Duck Creek is an ungaged stream with no measured peak flows and is predominantly 
confined to above ground and below ground engineered concrete channels. The 84-inch storm sewer at the 
bottom of the former East Ravine discharged into Duck Creek southeast of the facility. Besides Duck 
Creek, no other significant surface water bodies are located in the vicinity of the Site. 

The three hydrostratigraphic systems within the SGM are summarized below: 
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3 The Perched Ground Water System occurs within the upper portion of the SGM and consists of the 
4 following three sub-systems: 
5 
6 Vadose Zone--The Vadose Zone consists of the upper 30 to 40 feet of fill and glacial overburden 
7 including deposits of the Upper Till Unit and the fill of the former West and East Ravines. The 
8 Vadose Zone is predominantly unsaturated except for perched ground water occurring in: thin sand 
9 seams in the Upper Till Unit, in the fill of the former West and East Ravines; and, in the backfill of 

10 the 84 -inch and 27-inch storm sewers. Monitoring wells screened in the Vadose Zone are low 
11 yielding and slow to recharge. 
12 
13 Perched Zones I and 11--The glacially derived deposits which comprise Perched Zone I (Upper Sand 
14 Unit) and Perched Zone II (Lacustrine and Lower Clay Units) consist primarily of silt and clay which 
15 contain lenses of outwash coarse sand and gravel deposits that vary in horizontal distribution; and, 
16 laterally discontinuous seams of silty sand that are interbedded in varved silt and clay lacustrine 
17 deposits. The more broadly extensive silt and fine grained sand deposits located below the fill of the 
18 former East Ravine are also included in the Perched Ground Water System. The more permeable 
19 deposits within the SGM contain perched ground water in varying quantities depending on the spatial 

characteristics of deposits. The occurrence of perched ground water beneath the southern portion of 
"'"~ the Site is less frequent than beneath the central portion. 
22 
23 2. Confining System 
24 
25 Beneath the Perched Ground Water System is a Confining System which is situated above the Norwood 
26 Trough Aquifer. The Confnaing System is approximately I 00 to 110 feet thick and consists the Lower 
27 Till Unit (including the Lacustrine 3 Zone), and the unsaturated deposits of the Norwood Trough Sand 
28 and Gravel Unit (i.e. Upper Non-Saturated Zone). No saturated sand seams or pockets were observed 
29 in the numerous borings drilled into the Lower Till Unit, or in four borings drilled into the Upper Non-
30 Saturated Zone. The Lower Till Unit is situated between 65 and 80 feet below the Site and is present 
31 beneath the entire Site. The dense, homogenous unit ranges between 12 and 31 feet thick. The 
32 hydraulic conductivity values in the Lower Till Unit typically ranged between I x 10·' and I x 10·9 

33 crn!s which were the lowest values observed in the SGM. The mean moisture content for the 32 
34 saroples collected from the Confining System was approxiroately 11.2% indicating non-saturated 
35 conditions. 
36 
3 7 3. Confmed Aquifer System 
38 
39 The 50 feet thick Lower Saturated Zone of the Norwood Trough Sand Gravel Unit (i.e. Norwood 
40 Trough Aquifer or Confined Aquifer System) exists beneath the Confining System. Beneath the Site, 
41 the Norwood Trough Aquifer (NTA) is under confming conditions as demonstrated by the ground water 
42 elevation test at LT338. Thick sequences of shale and limestone bedrock exist beneath the NTA. The 
43 100 feet thick unsaturated Confming System between the bottom of the Perched Ground Water System 
44 and the top of the NTA indicate that it is very improbable that contaminants detected below the Site 
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3 Potential vertical contamioaot migration within the SGM is limited by the silt aod clay rich nature of the 
4 Upper Till, Lacustrine, Lower Clay, aod Lower Till Units. The geotechnical properties of these units have 
5 assisted in impeding the widespread vertical migration of contamioaots from on-property areas of 
6 contamination. The thickness characteristics aod homogeneous nature of the Lower Till Unit, in 
7 combination with the unsaturated properties of the Non-Saturated Zone of the Norwood Trough Saod aod 
8 Gravel Unit, reduce the potential for contamioaots to migrate beneath the Perched Ground Water System. 
9 

I 0 Potential horizontal contaminant migration routes within the Perched Ground Water System are restricted 
11 to: I) mao-made conduits within the Vadose Zone; 2) the Upper Sand Unit in Perched Zone I where 
12 migrating contaminants. are captured by the French Drain; aod, 3) Perched Zone II deposits situated beneath 
13 the central aod southern portions of the Site. The horiwntal migration of contaminants beneath the central 
14 portion of the Site in Perched Zone II is restricted by pumping well P6A. Beneath the southern portion of 
15 the Site, migration is restricted by the limited hydraulic capabilities of thin, discrete, silty saod seaoas within 
16 the clay-rich Lacustrine Unit. In the Vadose Zone, Sump-562 captures perched ground water flowing from 
17 the Outfall aod from the Seep-562. The only other routes of migration in the Vadose Zone include the 
18 backfill around the 27-inch aod 84-inch storm sewers, aod the seep at Sewer C in the 84-inch storm sewer. 
19 These routes are severely limited, however, by the low availability of perched ground water aod the lateral 

extent of the sewer lines. 

l A limited hydraulic gradient test at conducted P6A indicated that: I) the potential horizontal contaminant 
23 migration route from the central portion of the facility to the eastern property boundary in Perched Zone II 
24 (in the absence of pumping at P6A) is restricted by the heterogeneity of the deposits within the Lacustrine 
25 and Lower Clay Units; aod, 2) monitoring well MW23 (screened in the backfill of the 84-inch storm sewer 
26 along the eastern property boundary) is in very limited hydranlic communication with P6A. The 
27 heterogeneity of the Perched Zone II deposits restricts the ability to quantitatively determine the rate 
28 contaminant movement from the area south of Building 10 to the eastern property boundary during non-
29 pumping conditions at P6A. 
30 
31 Population within a one-mile radius of the Site is approximately 23,000 residents. Slightly more than one-
32 half of the one mile area is residential, aod the other half being industrial or commercial property, 
33 transportation corridors, parks, or undeveloped laod. No areas allowing recreational hunting or fishing are 
34 present within one mile of the Site. 
35 

36 7.4 Nature and Extent of Contamination 
37 

38 The evaluation of the nature and extent of contamination included the: I) definition of background 

39 concentrations of SSPL metals and comparison of metals concentrations in fill and soil to background; 
40 2) review of radiological characterization results; 3) identification of Site-wide distribution patterns for 
41 D/F; 4) division of the Site into four primary areas of VOC soil contantination, two secondary areas 

42 of soil contamination, and two ground water groups; 5) identification of the horizontal and vertical 
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1 extent of contamination; 6) identification of dominant contaminants and relationships between 

2 contaminants within each area of contamination; and, 7) identified contaminant distribution patterns 

3 including likely sources and current contaminant migration pathways. 

4 

5 The evaluation of background SSPL metals and the comparison of metals in soil/fill units to 

6 background showed: 

7 

8 The fill of the East Ravine contains elevated levels of antimony, arsenic, barium, cadmium, 
9 chromium, cobalt, copper, lead, mercury, nickel, tin and zinc, including the highest levels of 

10 antimony, arsenic, barium, cadmium, chromium, copper, lead, nickel and zinc. 
11 
12 The concentrations of arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, 
13 mercury, nickel and zinc detected in the surface fill, the fill of the West Ravine and the top 
14 portion of the Upper Till Unit were elevated slightly above the concentrations detected in lower 
15 soil units. 
16 

There were sporadic detections of antimony, chromium and tin, slightly above background, in the 
1 15 surface fill. 
19 
20 The fill of the West Ravine and the Upper Till Unit do not contain any elevated metals 
21 concentrations directly attributable to Site activities or history, elevated metals levels within these 
22 divisions are indistinguishable from the pattern of elevated surface concentrations of metals; and, 
23 there are no instances of elevated metals below an elevation of 595 feet MSL in native soil. 
24 

25 The review of the radiological characterization data from soil/fill samples showed that: 

26 
27 Only naturally occurring radioisotopes were detected and that natural decay chains were in 
28 equilibrium. 
29 
30 Concentrations were consistent with regional background levels and that detected concentrations 
31 were normally distributed. 
32 

33 An analysis of the radiological characterization data from perched ground water samples showed that: 

34 I) detections of elevated gross alpha were associated with elevated sample turbidity (>200 NTUs) 

35 and/or high VOC contamination(> 100,000 flg/L); and, 2) results from other samples were 

36 consistent with background. It was concluded from the radionuclide analyses that all detected 

37 radiological activity resulted from naturally occurring background radioisotopes. 
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1 D/F analytical data was reviewed and compared to published values for the concentrations of D/F 

2 congeners in urban environments. The analysis showed that concentrations detected at the EM 

3 Science Site were consistent with those detected in other urban areas and that a Site wide distribution 

4 pattern for D/F exists. The analysis of the distribution pattern for D/F showed: 1) congeners other 

5 than OCDD are largely restricted to fill; 2) concentrations of OCDD decrease with depth from 

6 thousands of picograms per gram in fill and shallow soil to tens of picograms per gram within native 

7 soil; and, 3) OCDD is the only congener consistently detected in perched ground water samples. 

8 

9 The analysis of analytical data resulted in the division of the Site into four primary areas of VOC 

10 contamination, two secondary areas of contamination, and two ground water groups. The areas of 

11 primary VOC contamination are: 1) the middle portion of the West Ravine, including the area near 

12 the former Tank Farm; 2) the mouth of the West Ravine, including the Outfall pipe and Sump-562; 

13 3) the area south and east of Building 4; and, 4) the area south of Building 10, including the former 

14 pH/neutralization tank. The secondary areas of contamination include: the upper portion of the West 

Ravine, and the East Ravine. The two ground water groups can be characterized as follows: 

s 
17 Group I includes monitoring wells with no consistent detections of non-background SSPL 
18 constituents. The wells are located in portions of the Site that are outside the areas of 
19 contamination. 
20 
21 Group II includes wells with detections of non-background SSPL constituents, primarily 
22 associated with the middle portion of the West Ravine, the mouth of the West Ravine, the area 
23 south and east of Building 4, and the area south of Building 10. These two groups were used in 
24 the characterization of nature and extent and the assessment of risk. 
25 

26 The assessment of nature and extent of contamination showed that for non-VOC SSPL constituents: 

27 1) detections were generally consistent in the fill with some evidence of impact to the upper portion 

28 of the Upper Till Unit, in all areas of the Site except the East Ravine; and, 2) the fill of the East 

29 Ravine contained the highest detections of most non-VOC SSPL constituents. 

30 

31 The assessment of the nature and extent of VOC contamination showed: 1) the upper portion of the 

32 West Ravine was only minimally impacted by VOC contamination; · 2) VOCs were present within the 

33 fill of the middle portion of the West Ravine and the underlying Upper Till and Lacustrine Units; 3) 

34 at the mouth of the West Ravine, VOCs were present in the subsurface at the point where the Outfall 

35 pipe discharged prior to the installation of Sump-562 and at MW503 and MW19A which are screened 
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1 in thin sand seams in the upper portion of the Lacustrine Unit; 4) VOCs were detected in perched 

2 ground water at the point where the 36-inch storm sewer discharged prior to its removal (near 

3 MW505A and MW505B) with evidence of subsurface migration to the area near MW507 and 

4 MW508; 5) VOCs were present in the Upper Till Unit and the top part of the Lacustrine Unit in the 

5 area south and east of Building 4 and had migrated through the Lacustrine Unit to the area near 

6 MW502A and MW502B; 6) VOCs were present in the courtyard of Building 10 down to the Lower 

7 Sand Zone and were migrating through the Upper Sand Unit toward the French Drain; and, 7) the 

8 East Ravine was minimally impacted by discharge of ground water contaminated with VOCs from the 

9 Upper Sand Unit prior to the installation of the French Drain. 

10 

11 The results of the analysis of the nature and extent of contamination by area of contamination are su=arized in 

12 the following paragraphs: 

13 
14 The upper portion of the West Ravine is believed to primarily have been filled with soil and construction 
15 debris prior to 1956. In the fill, there were sporadic detections of SVOCs, low levels ( < 5,000 total 

VOCs) of VOCs and metals above background and only one detection of PCBs. D/F were detected 
throughout the fill. Detections of VOCs (1,2-DCE, MEK, acetone, benzene, carbon disulfide, 

18 chlorobenzene, chloroform, methylene chloride, PCE, toluene and TCE) were largely confmed to samples 
19 within five feet of the fill/native soil interface. There were also detections of VOCs in the Lacustrine Unit 
20 and the Lower Clay Unit which may be the result of migration from the area south of Building 10. The 
21 only D/F congener detected in native soil was OCDD and all detections in native soil were low ( < 20 pg/g 
22 [0.020 pg/g TEQ]). This is consistent with the general pattern exhibited across the Site. There were 
23 detections of metals (arsenic, lead and mercury) above background levels. The low levels of the VOC 
24 detections and the current storm water management system are likely to severely restrict any movement of 
25 VOCs. 
26 
27 The middle portion of the West Ravine is believed to have been filled with a variety of materials, including 
28 off-specification chemicals, industrial and construction debris and the debris from the 1960 fire in 
29 Building 5. The former Tank Farm was also located in this area. All SSPL constituent classes are present 
30 in the middle portion of the West Ravine. VOCs are detected throughout the fill and in the Upper Till Unit 
31 and Lacustrine Unit underlying the fill. Detected VOCs (1,1,2,2-PCA, 1,1,2-TCA, 1,2-DCA, 1,2-DCE, 
32 1 ,4-dioxane, MEK, acetone, benzene, chlorobenzene, chloroform, ethyl benzene, methylene chloride, PCE, 
33 toluene, TCE, vinyl chloride and xylenes) followed a similar distribution pattern. The VOCs were detected 
34 in the area(s) of their original source (e.g. Building 4 trench drain, Building 10 process sewer or burial) 
35 with evidence of vertical migration through the fill and migration along the fill/native soil interface toward 
36 the Outfall. The maximum detections of VOCs occurred at one of the following locations depending upon 
37 the original source(s) from which the VOC was released and the mobility characteristics of the compound: 
38 near the point where the Building 10 process sewer discharged to the ravine; near the location of .the 
39 former tank farm; or, near the base of the fill. Other SSPL compounds were primarily detected in the fill 
40 and/or water within the fill, although there were some detections in the Lacustrine Unit where it directly 
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1 underlays the fill in the southern portion of the ravine. The only D/F congener detected in native soil was 
2 OCDD (maximum concentration in native soil- 110 pg/g (0.11 pg/g TEQ) in the Lacustrine Uttit 
3 underlying the fill). Enhanced solubility of arsettic and barium was evident in ground water samples 
4 collected at wells screened in the fill of the West Ravine (MW4, MW9 and MW12). 
5 
6 The mouth of the West Ravine was impacted by the filling of the West Ravine, the flow from the Outfall 
7 pipe, contaminant migration througb the upper portion of the Lacustrine Uttit, and the presence of S.R. 
8 562. The surface fill in this area showed low levels of VOCs ( < 20 l'g/kg), SVOCs, D/F, cyattide, metals 
9 and PCBs. VOCs were also detected in deeper samples collected from the Lacustrine Uttit south of Sump-

10 562. The VOCs detected in the Lacustrine Uttit were also detected in water samples collected from the 
11 Outfall but not in soil samples or ground water samples collected between the area around Sump-562 and 
12 the middle portion of the West Ravine, indicating that the VOC contamination in the Lacustrine Uttit near 
13 Sump-562 results primarily from infiltration of contamination discharged from the Outfall prior to the 
14 installation of Sump-562 and secondarily from the subsurface contaminant migration from the middle 
15 portion of the West Ravine. Sintilarly, the VOC contamination within the perched ground water mottitoted 
16 at MW503 was believed to result from infiltration of water from Seep-562 and subsurface migration within 
17 the Lacustrine Unit. All the contaminants detected in ground water samples from MW503 were also 
18 deteeted in water samples from Seep-562. Prevalent VOCs were detected in the water that discharges from 
19 the Outfall and in the Lacustrine Unit at depths of 4 to 12 feet. Other SSPL constituents are confined 
20 almost entirely to the fill. OCDD was detected in native soil with a maximum concentration of 110 pg/g 
21 (0.11 pg/g TEQ). There was evidence of increased solubility of barium at MWI9A. The only metals 
22 consistently detected in ground water samples were antimony at the Outfall, arsettic at Seep-562 and barium 
23 at MW19A and Seep-562. 
24 
25 The historical sources of contamination south of Building 10 included leakage from process sewer lines, 
26 above ground tanks and the former pH/neutralization Tank. VOCs are detected to depths of 50 feet in the 
27 courtyard area in both soil and perched ground water. Concentrations of detected VOCs (1,1,1-TCA, 
28 1,1,2,2-PCA, 1,2-DCA, 1,2-DCE, 1,4-dioxane, MEK, acetone, benzene, carbon disulfide, carbon 
29 tetracbloride, chlorobenzene, chloroform, ethylbenzene, methylene chloride, PCE, toluene, TCE and 
30 xylenes) increased with depth in the Upper Till Uttit before starting to decreasing to non-detectable levels. 
31 In the courtyard area, the maximum concentrations of some compounds occur in the Lacustrine Uttit or the 
32 Lower Clay Uttit. South of Building 11, detected VOC concentrations decreased within the Upper Till Unit 
33 and increased at the base of the Upper Till Uttit and the top of the Lacustrine Unit as a result of transport 
34 of VOCs througb the Upper Sand Uttit before decreasing to non-detectable levels. 
35 
36 Detections of non-VOC SSPL constituents were sporadic and largely confined to the fill. SVOCs were 
37 detected in both surface f!ll and native soil.with some indications of increased mobility of certain 
38 compounds. OCDD was the only congener detected in native soil uttits (5. 75 pg/g [0.075 pg/g TEQ]). 
39 Some congeners were detected in perched ground water that were not detected in corresponding soil uttits or 
40 zones. The detections may be the result of colloidal transport, the difference in analytical method 
41 sensitivity berween soil and ground water, and/or increased sohibility caused by the presence of PCBs and 
42 other compounds. PCBs were detected south of Building 10 within the surface fill at elevations berween 
43 597 and 609 feet MSL. PCBs were also detected in perched ground water samples from the Upper Sand 
44 Unit at MW35 and the Lacustrine Uttit at MW31C. Arsenic, lead, mercury and tin were detected above 
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background in the surface fill and the top portion of the Upper Till Unit. Aside from single detections of 
mercury (402 mg/kg) and tin (225 mglkg) the concentrations of metals in soil/fill were consistent with 
anthropogenic background. There was evidence of enhanced solubility of arsenic at MW5, MW31A and 
MW31B and of barium at MW5, MW31B and MW31C. 

The primary source of VOCs in the area south and east of Building 4 was the Building 4 trench drains 
which discharge to the ground from approximately 1950 to about 1967. VOC contamination in this area is 
largely conf'med to the surface f'tll and the Upper Till Unit. Detected VOCs follow very similar distribution 
pattern in this area. The actual extent of the various VOCs is dependent primarily on available mass and 
mobility characteristics. The maximum concentrations of detected VOCs (1,2-DCA, 1,2-DCE, MEK, 
acetone, benzene, carbon tetrachloride, chloroform ethylbenzene, methylene chloride, PCE, toluene, TCE 
and xylenes) occurred either at the northeast or southeast corner of Building 4. The maximum detected 
concentrations of most VOCs were within the Upper Till Unit at 10 to 20 below the ground surface. 
Generally, the concentrations decreased quickly with the Upper Till Unit and dropped to non-detectable 
levels within the top portion of the Lacustrine Unit. At the northeast corner of Building 4, VOCs increased 
within the Lacustrine Unit, possibly as a result of transport of contaminants through the Upper Sand Unit, 
before rapidly decreasing within 10 feet to non-detectable levels. Below the Lacustrine Unit, there are low 
level ( <25 l'glkg) detections of acetone and toluene. VOCs were detected to the south at VE509 and 
MW502A. Acid extractable and base/neutral SVOCs were detected, primarily in the Upper Till Unit with 
some detections in the surface fill and in the Lacustrine Unit. D/F were detected sporadically with OCDD 
detected in native soil. The maximum concentration of OCDD in native soil was less than 80 pg/g (0.080 
pg/g TEQ) in the Lacustrine Unit. There was a single detection of PCBs in surface fill. Arsenic, barium, 
beryllium, chromium, cobalt, lead and vanadium were detected at levels above background but consistent 
anthropogenic background. Detections of metals above background, PCBs, D/F and SVOCs are conf'med 
almost entirely to the surface fill and top five feet of the Upper Till Unit. 

The contamination in the East Ravine results from the burial of industrial and construction debris within the 
ravine and the contamination is primarily confmed to the fill itself. Low levels of VOCs were detected, 
primarily along the western edge of the ravine where VOCs which migrated through the Upper Sand Unit 
prior to the placement of the French Drain discharged to the ravine. The results of this migration were 
detected from the area near from P6 south to MW15. SVOCs, metals, cyanide, PCBs and D/F were 
detected within the fill with no distinct concentration gradients as were observed in the other source areas. 
The relatively immobile nature of these compounds has restricted migration preventing both contamination 
of native soil and formation of concentration isopleths within the fill. The contamination is to a large 
degree where it was originally placed within the fill. VOCs (1,1,2,2-PCA, 1,1-DCA, 1,2-DCA, 1,2-DCE, 
l ,4-dioxane, MEK, acetone, benzene, carbon disulfide, ethylbenzene, isobutyl alcohol, methylene chloride, 
PCE, toluene, TCE and xylenes) were detected in bot!J fill and native soil. All VOCs detected in this area 
of contamination, except isobutyl alcohol, were detected south of Building 10. Acid extractable and 
base/neutral SVOCs, primarily PAHs) were detected in the fill of the East Ravine. All detections of 
SVOCs were in the fill or at the fill/native soil interface. There was no evidence of migration into the 
native soil. D/F congeners were detected throughout the fill with no ·def'mite distribution pattern or 
concentration gradients. OCDD was the most commonly detected congener and was the only congener 
detected in native soil (maximum concentration in native soil - 260 pg/g [0.26 pg/g TEQ]). Cyanide was 
detected sporadically in approximately one-half of the samples from within the fill. PCBs were detected in 
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approximately one-half of the samples from within the fill. Elevated levels of antimony, arsenic, barium, 

cadmium, chromium, cobalt, copper, lead, mercury, nickel and zinc were detected in the fill of the East 

Ravine with no evidence of migration into native soil. There is only one detection of antimony. The 

remaining metals are found throughout the fill. The maximum concentrations of antimony (44.5 mg/kg), 

arsenic (!50 mg/kg), barium (6,290 mg/kg), cadmium (1,370 mg/kg), chromium (1,050 mg/kg), copper 

(9,220 mg/kg), lead (8,690 mg/kg), nickel (1,890 mg/kg) and zinc (16,600 mg/kg) were detected within the 

fill of the East Ravine. 

7.5 Contaminant Fate and Transport 

The overall objective of the contaminant fate and transport analysis was to evaluate the potential for 

Site contamination to reach points where it can pose a risk to human health or the environment. The 

fate analysis focused on the mobility and longevity of certain soil and ground water contaminants 

detected beneath the Site and their degradation products. Migration through both air and ground 

water was evaluated through the use of computer codes that simulate the migration of contaminants in 

various media. 

The implementation of the French Drain, P6A, Sump-562, and the storm water management program 

by EM Science before the RI was initiated has significantly minimized the off-property migration of 

SSPL contaminants. The data needs for the assessment of contaminant migration within the Perched 

Ground Water System, therefore, were developed from the results of the RI field investigation, and 

the objectives of the baseline risk assessment. The SGM and the results of the nature and extent of 

contamination investigation demonstrated the silt and clay rich Perched Ground Water System has 

limited horizontal and vertical potential migration pathways, and that the Confining System is an 

effective barrier between the Perched Ground Water System and the Norwood Trough Aquifer. The 

specific pathways addressed in the analysis of perched ground water migration were: 1) contaminants 

migrating from the area south of Building 10 to the eastern property boundary, which yielded 

conservative upper bound estimates of the potential concentrations at the eastern property boundary; 

2) contaminants migrating in perched ground water at off-property locations in the southern portion of 

the Site; and, 3) contaminants migrating vertically from primary areas of VOC contamination. 

The results of the analysis of migration of contaminants from the area· south of Building 10 to the 

eastern property boundary were used in the evaluation of the potential risk to a future off-property 

residential user of ground water. The evaluation of potential for vertical transport from the areas of 

contamination yielded breakthrough times within certain geological units in the SGM. The 
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1 contaminant transport analysis of the air pathway yielded representative air concentrations, both on 

2 and off-property, of contaminants volatilized or attached to suspended dust from each of the areas of 

3 contamination. These results were used within the baseline risk assessment. 

4 

5 The results of the contaminant transport analysis in perched ground water are conservative 

6 approximations since assumptions incorporated into each step of the transport model development 

7 were made so as to not underestimate the potential concentrations present at, or the time periods 

8 required to reach, the receptor locations. Conservative assumptions were made with respect to the 

9 model parameters, the variability of current Site physical characteristics, and the future stresses 

10 applied to the modeled systems. The results of the contaminant transport analysis indicated that only 

11 a limited number of the more mobile indicator contaminants evaluated are present in sufficient 

12 quantity (i.e. total mass) and have mobility characteristics such that the potential exists for measurable 

13 quantities of these contaminants to be transported to the eastern property boundary. The transport 

14 analysis indicated that the physicochemical characteristics of less mobile contaminants (such as PCBs, 

'~ dioxins and furans and many SVOCs) result in transport times through the Vadose Zone to the Upper 

Sand Unit that are sufficiently great (500 years or more) that migration of these contaminants to 

17 receptor locations was not considered to be a risk concern. The results of the transport evaluation 

18 from the area south of Building 10 to the eastern property boundary were used within the baseline 

19 risk assessment. 

20 

21 The evaluation of the potential for vertical contaminant migration indicated that breakthrough times 

22 for transport of contaminants vertically from the areas of contamination were greater than 10,000 

23 years assuming that the mechanisms required for transport are present. Review of the geological and 

24 hydrogeological data supports the conclusion that mechanisms for vertical migration are limited to 

25 diffusion and minimal infiltration. In addition, there is a very low to negligible potential that the 

26 Norwood Trough Aquifer would ever be impacted by contaminants detected below the Site due to the 

27 limited mechanisms for vertical migration and a limited amount of total contaminant mass. 

28 

29 Air transport analyses were conducted to determine representative ground level air concentrations for 

30 on-property and off-property receptor locations. Models were used. to estimate the concentrations of 

31 VOCs emitting from the Outfall, Seep-562, and Seep C in the 84-inch storm sewer. In addition, 

32 volatilization and fugitive dust from unpaved portions of each area of contamination were modeled for 

33 the current scenario in the BRA. For the future scenario, the entire Site was considered to be 
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5 The purpose of the BRA was to determine if remedial action is necessary and provide the justification 

6 for performing remedial actions. To meet this objective, the potential risk from exposure of both 

7 current and future receptors were evaluated within the risk assessment. To facilitate remedial action 

8 decisions, the potential risks from exposure to soil were evaluated with respect to the six areas of 

9 contamination detailed in the discussion of nature and extent and the potential risks from exposure to 

10 perched ground water were evaluated with respect to monitoring wells which were not affected by 

11 Site contamination, wells that were affected by Site contamination and the potential future off-Site 

12 concentration of contaminants as determined by the transport modeling detailed within Chapter 5 of 

13 this report. The potential risk was also evaluated for exposure to all Site soil, without respect to the 

14 location of the sampling point. 

15 

16 The BRA consisted of four steps: data evaluation; exposure assessment; toxicity assessment; and, 

17 risk characterization. In the data evaluation step, analytical data were reviewed to assess their 

18 useability in the BRA and COCs were identified. In the exposure assessment step, actual or potential 

19 exposure pathways were identified and exposure scenarios were developed. In the toxicity assessment 

20 step, the availability of toxicological data was evaluated and appropriate toxicity values were 

21 identified for the quantification of potential risks. The information gathered in the initial three steps 

22 was integrated in the risk characterization step to estimate the potential for adverse health affects and 

23 to identify the primary contributors to the potential for adverse health affects. 

24 

25 In the evaluation of the useability of analytical data in the BRA, the potential affects of data quality 

26 issues were assessed. Data quality issues assessed included: completeness; comparability and 

27 representativeness; and, precision and accuracy. Issues addressed in the assessment of comparability 

28 and representativeness included: the affects of elevated sample quantitation limits (SQLs); the affects 

29 of sample turbidity; and, the affects of sample contamination during sampling and/or transport. The 

30 review of these issues .showed: 

31 
32 The analytical data met all criteria for data completeness outlined in the RI/FS Work Plan and 

33 QAPP and usable analytical results were obtained for all critical samples. 

34 
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1 The Phase I analytical results from MW35 were not comparable to the aoalytical results from 
2 MW35 during subsequent sampling events or the aoalytical results from adjoining soil samples. 
3 For these reasons, the Phase I results from MW35 were determined to be nonrepresentative. 
4 
5 Elevated SQLs resulted for a given contaminant class from elevated concentrations of compounds 
6 within that class. The presence of compounds from a contaminant class did not affect other 
7 contaminant class (i.e. the presence of high concentrations of VOCs caused the elevation of SQLs 
8 for VOCs but did not effect the SQLs for VOCs but did not effect the SQLs of other contaminant 
9 classes). Elevated SQLs add uncertainty to the BRA in areas of known contamination but do not 

10 substantially alter the conclusions or findings of the BRA. 
II 
12 Elevated sample turbidity produced elevated analytical results for metals and D/F in perched 
13 ground water samples. For this reason, the analytical results for metals and D/F from samples 
14 with turbidities greater than 200 NTUs were not used in the determination of the exposure point 
15 concentration (EPC). 
16 
17 Sample contamination from the electrical tape used as a secondary seal had a negligible affect on 
18 the BRA. However, contamination of filtered samples with antimony, possibly from the field 

filtering device, influenced the determination of the potential for risk from Group I ground water. 
:Zu 

21 In the exposure assessment, three current exposure scenarios, three future exposure scenarios and one 

22 comparative exposure scenarios were developed. The current exposure scenarios were: the EM 

23 Science worker scenario; the trespasser scenario; and, the reasonable maximum exposure (RME) off-

24 Site receptor scenario. The future exposure scenarios were: the future commercial/industrial worker 

25 scenario; the construction worker scenario; and, the future RME off-Site receptor scenario. The 

26 RME off-Site receptors, both current and future, were determined to be nearby residents. A partial 

27 residential exposure scenario was also evaluated to assess the potential for adverse affects from the 

28 use of perched ground water beneath the Site. 

29 

30 In the evaluation of potential risk: 

31 
32 On-property workers (i.e. EM Science workers and future commercial/industrial workers) were 
33 assumed to be exposed to surface soil and contaminants volatilized from the soil or attached to 
34 suspended dust. 
35 
36 Trespassers were assumed to be exposed to surface soil, discharged ground water at the Outfall, 
37 Seep-562, Seep C in the 84-inch storm sewer, and contaminants volatilized from the ground 
38 surface or attached to suspended dust. 
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1 RME off-Site receptors were assumed to be exposed to contaminants volatilized from the ground 

2 surface or attached to suspended dust and transported from the Site to the location of the 
3 residences. 
4 
5 Construction workers were assumed to be exposed to subsurface soil, perched ground water, and 
6 contaminants volatilized from the ground surface or suspended as dust. 
7 

8 The only difference between current and future exposures of on-property workers and RME off-Site 

9 receptors is that the Site is assumed to be completely unpaved in the future, thus increasing both the 

10 soil available for contact and the surface area available for volatilization of contaminants and 

11 suspension of dust. While local and state regulatory restrictions exist which prohibit the installation 

12 of wells for general household use, hypothetical residents were assumed to be exposed to perched 

13 ground water beneath the Site via ingestion, inhalation and dermal contact pathways. 

14 

15 The toxicity assessment consisted primarily of the identification of U.S. EPA approved reference 

16 doses (RIDs) and cancer slope factors (CSFs). For D/F and PAHs, a toxicity equivalency factor was 

17 used to adjust the toxicity values of 2,3,7,8-TCDD (for the evaluation of D/F) and B(a)P (for the 

18 evaluation of PAHs) according to applicable U.S. EPA guidance. 

19 

20 In the evaluation of current and future risks, the potential for significant noncancer was quantified 

21 with a hazard index (HI) and the potential cancer risk was expressed as the excess lifetime cancer risk 

22 (ELCR). His greater than one were considered to represent unacceptable noncancer risks while 

23 ELCRs were compared to the 10·6 to 104 ELCR range. ELCR results greater than the 1 O"" to 104 

24 range were considered to be unacceptable while areas with ELCR results less than the range were 

25 considered to have no potential for significant cancer risks. 

26 

27 The evaluation of both current and future risks showed that VOCs were the primary contributors to 

28 risk above background in perched ground water affected or potentially affected by Site contamination 

29 and in all areas of soil contamination except the East Ravine. Several general observations were 

30 consistent between all areas of contamination: 

31 
32 Background concentrations of metals resulted in risks in the 10·6 to 104 ELCR range for current 
33 and future facility employees in all portions of the Site. 
34 
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1 Surface concentrations of the SVOCs and D/F, considered to result from anthropogenic 

2 background, also resulted in total risks within or below the 10-<> to 104 ELCR range for current 

3 and future facility employees in all portions of the Site. 

4 
5 The potential for significant risks from exposure to surface soil/fill was not found to exist except 

6 at very limited areas of elevated detections. 
7 

8 The evaluation of potential risks from Group I and Group II ground water showed: 

9 
10 The potential for significant risks from exposure to Group I ground water was not found to exist 

11 because the mass of contaminants available for exposure is very limited and detections of non-

12 background compounds were associated with conditions which rendered the sample or the 

13 saturated zone from which the sample was collected unusable for general potable use. 

14 
15 The potential for significant risks from the use of Group II ground water for residential purposes 

16 exists. The potential for adverse, noncancer health effects exist for acetone, chloroethenes (1,2-

17 DCE and PCE), chloromethanes (carbon tetrachloride, chloroform and methylene chloride), 

ethylbenzene, toluene and xylenes. The potential for significant cancer risks exist for 1,4-

dioxane, benzene, chloroethanes (1 ,2-DCA), chloroethenes (TCE and vinyl chloride) and 

20 chloromethanes (carbon tetrachloride, chloroform and methylene chloride). In limited areas of the 

21 Site, the potential for adverse noncancer health effects exist from ingestion of SVOCs in water 

22 that is not suitable for general household use (i.e. water within the fill of the West Ravine). The 

23 potential for adverse, noncancer health effects exist from exposure to arsenic and barium in Group 

24 II ground water and the potential for unacceptable cancer risks exists from exposure to arsenic in 

25 Group II ground water. The potential for unacceptable cancer and noncancer risks exist for 

26 construction workers exposed to Group II ground water also. 
27 
28 The potential for unacceptable health risks from exposure to Seep-562 and the Outfall was not 

29 found to exist. Similarly, the potential for unacceptable health risks from exposure to Seep C in 

30 the 84-inch sewer was not found to exist. 
31 
32 The potential for significant risks from the use of ground water modeled to the eastern property 

33 boundary for residential purposes exist. Chloroethenes (I ,2-DCE) and chloromethanes (carbon 

34 tetrachloride) have the potential to result in adverse noncancer health affects. Chloroethanes 

35 (1,1,2,2-PCA), 1,4-dioxane and chloromethanes (carbon tetrachloride) have the potential to result 

36 in unacceptable cancer risks. It was assumed in the risk characterization that no degradation took 

37 place during transport and sufficient time had passed for the contaminants to reach the eastern 

38 property boundary. 
39 

40 
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1 The evaluation of the potential risks from the six areas of soil contamination showed: 
2 
3 The potential for unacceptable risks from exposure to soil/fill in the upper portion of the West 
4 Ravine was not found to exist. 
5 
6 In the middle portion of the West Ravine, the potential for unacceptable cancer risks from 
7 exposure to the elevated VOCs detected at VZ329 was found to exist but was very limited 
8 because of the limited areal extent of the elevated VOC levels. The potential for significant 
9 noncancer and cancer risks exist for construction workers engaged in excavation activities. VOCs 

10 were the primary contributors to risk. The potential for unacceptable health risks were not found 
11 for the trespasser scenario or the RME off-Site receptor. 
12 
13 The potential for unacceptable risks from exposure to surface soil/fill and ground water in the 
14 mouth of the West Ravine was not found to exist. The potential for unacceptable risks to 
15 construction workers engaged in excavation activities was found to exist in limited portions of the 
16 area along S.R. 562. VOCs were the primary contributors to risk. 
17 
18 The potential for significant risks to receptors exposed to surface soil/fill in the area south and 
19 east of Building 4 was not found to exist. The potential for significant risks from VOCs was 
20 found to exist for construction workers engaged in excavation activities in the area south and east 
21 of Building 4 should extensive excavation activities take place. 
22 
23 The potential for adverse, noncancer health affects was found to exist for exposure of on-Property 
24 workers to the isolated area of elevated mercury south of Building 10. No other significant risks 
25 from exposure to surface soil/fill were found to exist. The potential for significant risks from 
26 VOCs was found to exist for construction workers and other proximal persons during excavation 
27 activities. 
28 
29 The potential for significant risks to EM Science workers, trespassers or RME off-Site receptors 
30 from exposure to current surface soil/fill in the East Ravine was not found to exist. The potential 
31 for adverse, noncancer health affects from exposure to PCBs in surface soil/fill presently under 
32 pavement in the East Ravine was found to exist. The potential for adverse, noncancer health 
33 affects, primarily from PCBs, was found to exist for construction workers engaged in extensive 
34 excavation activities in the East Ravine. 
35 

36 The comparative evaluation of the potential risk from use of perched ground water beneath the Site 
37 for household purposes showed that the potential for significant risk, primarily from VOCs, does exist 
38 for ground water affected by the Site. Evaluation of future household use of perched ground water at 
39 the eastern property boundary also yielded unacceptable risk results. From these results and the 
40 discussion of contaminant transport in Chapter 5, it was concluded that the current quality of perched 
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1 ground water beneath the Site makes it unacceptable for household or other potable uses and that the 

2 water has limited potential to adversely impact off-Site ground water east of the facility, potentially 

3 rendering it also unusable for general household purposes after several decades if the migration of Site 

4 contamination were allowed to continue unabated. 

5 

6 The BRA concluded that the potential for unacceptable risks from exposure to surface soils/fill is 

7 limited to isolated areas of elevated contamination and the surface fill ofthe East Ravine, which is 

8 currently under pavement. In the future, the potential for unacceptable risks from VOCs exists for 

9 construction workers and, possibly, other on-Site persons should excavation take place either in the 

10 area south of Building 10 or in the middle portion of the West Ravine. The potential for unacceptable 

11 risk exists to unprotected persons performing extensive excavation activities in the area south and east 

12 of Building 4 or the area around Sump-562. The potential for unacceptable risk in the area south of 

13 Building 4 is limited by the quantity of perched ground water present. In addition, the potential for 

14 unacceptable risk in the area south of Sump-562 is also limited by the quantity of perched ground 

water present and the total mass of VOCs present. The potential for unacceptable risks, primarily 

"'' from PCBs, also exists to unprotected persons performing extensive excavation activities in the East 

17 Ravine. 

18 

19 The potential for adverse impacts to local flora and fauna were also evaluated in the ecological site 

20 characterization. It was concluded that Site contamination does not pose a significant risk to the on-

21 Site ecology. 

22 

23 7. 7 Conclusions 

24 

25 It is the conclusion of this RI that contaminants present at the EM Science Site, primarily VOCs, have 

26 the potential to cause unacceptable health risks if no action to control or remediate them takes place. 

27 The RI furthermore concludes: 

28 
29 VOCs, including chloroethanes, chloroethenes, chloromethanes, BTEX, acetone and 1,4-dioxane, 

30 located in the middle portion of the West Ravine and the area south of Building 10 are the 

31 primary contaminants of concern. These contaminants have the· greatest potential for migration. 

32 The VOCs present south of Building 10 are currently migrating through the Upper Sand Unit to 

33 the French Drain. The VOCs present within the West Ravine are currently migrating through the 

34 fill to the Outfall where they are discharged to Sump-562. While these contaminants are currently 
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1 being captured by existing interim actions, (i.e. the French Drain and Sump-562), these 

2 contaminants represent the greatest potential for exposure should control of the Site be lost. 

3 These contaminants also represent the greatest potential risks, both at their current locations and 

4 at their potential future locations should they be allowed to migrate unabated. 

5 
6 The VOC contamination in the area along S .R. 562 was not found to currently pose unacceptable 

7 risks and to have very limited potential for future health risks. However, the contamination is 

8 outside of EM Science property boundaries and does have the potential, albeit limited, to result in 

9 adverse health affects. The potential for migration of this contamination is very limited because 

10 of the geotechnical properties of the soils. 

11 
12 The VOC contamination in the area south and east of Building 4 was not found to pose 

13 unacceptable risks to persons exposed to surface soil/fill. However, the contamination does have 

14 the potential to result in unacceptable risks should extensive excavation take place. The potential 

15 for migration of these contaminants is very limited, although limited migration through the 

16 Lacustrine Unit to the MW502 series wells has been observed. 

17 
18 VOCs present within the upper portion of the West Ravine and the East Ravine were not found to 

19 pose unacceptable risks to receptors under any of the exposure scenarios evaluated within this Rl. 

20 Furthermore, the limited mass of VOCs present within these areas of contamination greatly 

21 restricts any potential migration of these compounds. 

22 
23 Areas of elevated mercury, south of Building 10, and VOCs, in the middle portion of the West 

24 Ravine, in surface soil/fill have the potential to result in adverse health affects. The elevated 

25 detections are limited in areal extent. 

26 
27 PCBs within the fill of the East Ravine have limited potential to result in adverse health affects to 

28 unprotected receptors if extensive excavation activities take place. PCBs are relatively immobile 

29 contaminants. This is supported by the analytical data which showed no evidence of migration of 

30 PCBs from the fill of the East Ravine into native soil. 

31 

32 The potential for SSPL contaminants detected in the Perched Ground Water System beneath the Site 

33 to impact the Norwood Trough Aquifer is low to negligible because of the large mass required for 

34 migration 80 to 100 feet vertically to the top of the confined aquifer. In addition, the Perched · 

35 Ground Water System is separated from the NTA by the unsaturated Confining System which 

36 effectively prevents migration of SSPL constituents to the NT A. 
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(:J 
QUADRANGLE LOCATION 

CINCINNATI EAST QUADRANGLE 
OHIO- HAMILTON CO. 
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D~AWN BY 

CLIENT 

TIMELINE OF MAJOR EVENTS AFFECTING 
DEPOSITION OF NORWOOD TROUGH FILL MATERIAL 

PRESENT 
0 YEARS 

WISCONSIN 
GLACIATION 

20,000 YEARS 

IlliNOIAN 
GLACIATION 

40,000 YEARS 

KANSAN 
GLACIATION 

100,000 YEARS 

~ 
FINAL GLACIAL ADVANCE INTO REGION. TERMINUS IN NORTHERN 
HAMIL TON COUNTY. THERE IS NO EFFECT ON NORWOOD TROUGH 
STRATA DUE TO LACK OF MAJOR CROSSING DRAINAGE SYSTEM 
FROM ISOLA noN BY ILLINOIAN GLACIA nON. 

r--- RETREAT ISOLA T£5 NORWOOD TROUGH BY CREA nNG MODERN 
DRAINAGE SYSTEM. 

~ DFPDSITIDN OF nLLS AND OUTWASH MATERIAL OVER R£GION. 

~INinAL GLACIAL ADVANCE INTO THE AREA CREATES LACUSTRINE 
SETnNG AND DEPOSinON OF ASSOCI A TED FINE - GRAINED SED/MEN TS. 

FLUV1AL FILLING OF GLACIAL VALLEYS IN FINING UPWARD SEQUENCE 
WITH SAND AND GRAVEL AT THE BOTTOM (NORWOOD TROUGH 
AQUIFER) AND CLAY-RICH STRATA AT THE TOP. 

r--- RETREAT RESULTS IN ANCESTRAL OHIO RIVER DRAINAGE PATTERN. 
INinAL HIGH ENERGY DRAINAGE SYSTEM ERODES KANSAN AGE 
GLACIALLY DERIVED VALLEY FILL MATERIAL. 

~ GLACIA nON SCOURS VA LLEYS INTO CLASSIC GLACIAL U-SHAPED 
VALLEYS. 

""-TEAYS DRAINAGE SYSTEM CREATES INinAL BEDROCK VALLEY SYSTEM. 
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REFERENCE: GROUND-WATER RESOURCES OF HAMILTON COUNTY, WALKER, ALFRED C., ODNR, 1986. 

LEGEND 

1 FORMER GM PLANT 
2 R~OAD CROSSING 
3 FACTORY POWER COMPANY 
4 FORMER GM PLANT 
5 CITY OF NORWOOD 
6 CINCINNATI MILLACRON 
6A CAST FAB, INC. 
7 ARAMARK UNIFORM SERVICES 
8 L.B. FOSTER CO. 
9 HQ BUILDING SUPPUES 
10 U.S. PLAYING CARD COMPANY 
11 FORMER WIJ.J.JAMSON COMPANY 

e INACTIVE WELL 

e AC~ PROCESS WELL 

• ABANDONED WELL 

r I YIELDS OF 100 TO 500 gpm 

~YIELDS OF 35 TO 100 gpm 

YIELDS OF 3 TO 10 gpm 
....... ~..ll.ll 

~ YIELDS SEWOM EXCEED 3 gpm 
~ (OUTSIDE BOUNDS OF NORWOOD 

TROUGH BURIED AQUIFER) 

111t.E 

EXTENT OF NORWOOD TROUGH AQUIFER 

OA'IE' 
04/03/98 

FIGURE 
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NOTE: SEE TABLE .3-2 FOR A DESCRIPTION 
OF EACH STORM WATER DRAINAGE AREA. 
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LOJrER TILL UNIT 
LACUSTRINE-3 ZONE 

I 
NOR.,OOD TROUGH 

SAND AND GRAVEL UNIT 

PROJ£CT NO. OJ00.50.lO DATE: 
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DIJAWN BY 

CU£NT 

WJH 

GENERALIZED STRATIGRAPHIC COLUMN 
SITE GEOLOGICAL MODEL 

APPROVED BY 

GEOLOGIC UNITS 

FILL (BO) 

UPPER TILL UNIT (CO) 

PERCHED 

HYDROSTRATIGRAPHIC 
SYSTEMS 

VADOSE ZONE 

UPPER SAND UNIT (Dl) GROUND WATER PERCHED ZONE I 
SYSTEM 

LACUSTRINE UNIT (D2) 

PERCHED ZONE II 
LOWER ClAY UNIT (D3) 

LOJIER SAND ZONE (D4) 

LACUSTRINE-2 ZONE (Do) 

LOWER TILL UNIT (EO) 

LACUSTRINE- 3 ZONE (El) 

NORWOOD TROUGH SAND AND GRAVEL UNIT 

UPPER NON-SATURATED ZONE (Ft) 

LOWE"R SATURATED ZONE (F2) 

NOR'WOOD TROUGH AQUIFER 

BEDROCK: INTERBEDDED SHALE AND LIMESTONE 

DDW PROJ£CT NO. Ol00.50.lO OAT£ 04/04/96 

CONFINING 
SYSTEM 

CONFINED 
AQUIFER 

T 
FIGURE 3-8 
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RESIDENTIAL PROPERTY 

COMMERCIAL INDUSTRIAL AND 
TRANSPORTA170N DEVELOPMENT 

OFFICE PARK 

BUSINESS DEVELOPMENT 

PARK AND RECREA170N AREAS 

REFERENCE: ZONING MAPS FROM CITY OF 
NORWOOD, CITY OF CINCINNATI, AND 
COLUMBIA TOWNSHIP. 

1J71..E 
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QUADRANGLE LOCATION 

CINCINNATI EAST QUADRANGLE 
OHIO- HAMILTON CO. 

7.5 MINUTE SERIES (TOPOG RAPHIC) 

LAND USE 
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FIGURE 

3-15 
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PROJECT NO. 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 1-1: CURRENT OPERATIONAL BUILDINGS, TRAILERS AND STRUCTURES 
(Locations Identified on Sheet 1-2) 

Current Date of Operation 
Operational 

Building, Historical and Current Operations Chemicals Handled 

Trailer or From To 
Structure 

BUILDINGS 

I 
Offices and Analytical Laboratories pre-1950 present Offices - none; Analytical Laboratories - organic 

solvents, inorganic salts, acids, dyes and stains. 

Offices, Warehousing and Shipping pre-1950 1960 Chemical shipping area. 

2 
Warehousing 1960 present Storage of organic solvents. 

Warehousing and Pigment Drying and Grinding pre-1950 1980 Inorganics, dyes, pigments and carton 

warehousing; chemical spillage and rinseate 

3 directed to floor drains from 1950s to mid-1970s 

Maintenance Shop 1981 present None 

Liquid Packaging (Eastern Portion) pre-1950 present Packaging of organic solvents; spillage of 

chemicals directed to floor trench drain from 

1950s to t 967 

4 
Warehousing (Western Portion) between 1966 1956 to 1966 warehousing empty bottles 

1956- 1962 

Liquid Packaging (Western Portion) 1966 present Inorganic and organic liquids 
- ------ -----

96-4!75.TXTIHYM 

APPROXIMATE SIZE 
(feet) 

Length Width Hght!Dpth 

60 40 12 

90 70 12 

60 35 12 

80 80 12 

--- -

-

' 

i 

i 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 1-1: CURRENT OPERATIONAL BUILDINGS, TRAILERS AND STRUCTURES 
(Locations Identified on Sheet 1-2) 

Current Date of Operation 
Operational 

Building, Historical and Current Operations Chemicals Handled 

Trailer or From To 
Structure 

Warehousing (Western Portion) pre-1950 present Organic and inorganic chemicals in bottles 

Organic and inorganic chemicals in bottles; fire 

5 
Warehousing pre-1956 1960 debris used as fill in the fanner West Ravine 

(Former Eastern Portion Destroyed 
by Fire) 1960 present Order assembly area 

Warehousing (Eastern Portion) 

Warehousing, Order Assembly and Shipping 

6 Western Portion pre-1950 present Organic and inorganic chemicals in bottles 

Eastern Portion 1959 present Organic and inorganic chemicals in bottles 

Bulk Storage, Analytical Laboratory, Dry pre-1950 1965 Organic and inorganic chemicals 

7 
Powder, Repackaging and Warehousing 

1965 present Inorganic dry powder chemicals 

Warehousing 

Boilerhouse 

Eastern Portion between present None 
8 1955- 1956 

Western Portion 1972 present None 

Packaging between 1980 Solvent filling and packaging 

9 
1951 - 1956 

Storage 1981 present Organic solvent storage and solution packaging 
-- ---

96-4175.TXT\HYM 

APPROXIMATE SIZE 
(feet) 

Length Width Hght/Dpth 

180 60 12 

180 60 12 

180 40 15 

50 40 12 

40 40 12 

--

• 

4/l/96 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 1-1: CURRENT OPERATIONAL BUILDINGS, TRAILERS AND STRUCTURES 
(Locations Identified on Sheet 1-2) 

Current Date of Operation 
Operational 

Building, Historical and Current Operations Chemicals Handled 

Trailer or From To 
Structure 

Inorganic and Organic Synthesis between 1972 Inorganic and organic processing; chemical 

1951 - 1956 spillage and rinseate directed to floor drains 
during the late 1950s and 1960s. 

10 
VOC Distillation 1972 1993 Organic and inorganic chemical manufacturing, 

distillation and purification. 

Non-Chemical Storage 1993 present None 

Dye Manufacturing between 1976 Organic and inorganic chemicals 

1951-1956 

II 
Warehousing 1976 1981 Organic and inorganic chemicals in glass bottles 

Packaging Distilled Solvents 1982 1990 Organic solvents 

Liquid Packaging 1990 present Buffer solutions 

12 
Maintenance Shop (formerly located where a between 1970 None; building no longer exists 

portion of Building 19 now exists) 1951 - 1956 

Offices 

13 
Northern Portion 1961 present None 

Southern Portion between present None 

1962- 1968 

96-417 5. TXTIHYM 

--
APPROXIMATE SIZE 

(feet) 

Length Width Hght/Dpth 

70 40 12 

. 

80 50 12 . 

40 20 12 

70 50 24 

li 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 1-1: CURRENT OPERATIONAL BUILDINGS, TRAILERS AND STRUCTURES 

(Locations Identified on Sheet 1-2) 

----- ---- -------

Current Date of Operation 
Operational 

Building, Historical and Current Operations Chemicals Handled 

Trailer or From To 
Structure 

Warehousing 

14 Northern Portion 1960 present Class III & IV oxidizers (i.e. fuming nitric acid) 

Southern Portion 1969 present Water reactive metals (i.e. sodium, magnesium) 

15 Warehousing 1962 present Flammable organic solvents in bottles 

16 Analytical Laboratories 1965 present Organic and inorganic chemical testing 

Dry Powder Repackaging & Raw Material 

Warehousing 

17 
Northern Portion 1965 Acid storage in bottles or inorganic dry powders present 

Southern Portion 1967 present Inorganic dry powder and carton storage 

18 Warehousing for Packaging Materials 1970 present None 

Chemical Synthesis, Manufacturing and 1972 present Organic and inorganic chemical manufacturing 

19 
Packaging and solvent purification 

Offices Along North Side 1977 present None 

20 Guard House at Main Entrance 1980 present None 

21 pH/Neutralization Control 1982 present None 

STRUCTURES 

J I pH/Neutralization Facility and Tanks I 1982 I present I Sodium Hydroxide 

96-4175.T:CT\HYM 

APPROXIMATE SIZE 
(feet) 

Length Width Hght/Dpth 

100 20 1 

120 60 12 

60 40 12 

160 120 24 

120 90 24 

140 110 24 

10 10 12 

20 10 12 

I 40 I 30 I 20 

4/l/96 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 1-1: CURRENT OPERATIONAL BUILDINGS, TRAILERS AND STRUCTURES 

(Locations Identified on Sheet 1-2) 

Current Date of Operation 
Operational 

Building, Historical and Current Operations Chemicals Handled 

Trailer or From To 
Structure 

K Distillation Towers (6) 1979 present Organic solvents 

L Vaulated Tank Farm and Tanker Unloading Pads 1989 present Organic solvents 

M Fuel Oil USTs (3) present No.2 Fuel Oil 

N Contained Drum Storage Pad 1990 present Various organic solvents and acids in drums 

0 
French Drain 1988 present Organics and inorganics in ground water 

discharge 

p Sump 1982 present Organics and inorganics from West Ravine 

Outfall 

TRAILERS 

a Environmental Laboratory 1985 present Organic laboratory chemicals and samples 

b Break Room & Offices 1985 present None 

c Offices 1990 present None 

d Offices 1991 present None 

96-4175.TXT\HYM 

APPROXIMATE SIZE 
(feet) 

Length Width Hght/Dpth 

100 12 175 

140 70 25 

40 30 10 

140 120 NIA 

190 25 25 

10 10 5 

55 12 10 

" 
55 24 10 

55 12 10 

40 10 10 
I 

411196 

Project No. 0100.50.10 
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EM Science RifFS 
Cincinnati, Ohio 

03\29\96 

Project No. 0100.50.10 

TABLE 2-1: SUMMARY OF Rl FIELD TASKS 

Phase Duration RI Field Tasks Perfonned 

I 11/93 - 03/94 Well Abandonment/Replacement of MW23, MW30, MW31 and P6. 
Dedicated Pump Installation. 
Appendix IX Ground Water Sampling. 

. Radionuclide Ground Water and Sediment Sampling . . Background Metals Ground Water Sampling . 

II 03/94-05/94 Lower Till Stratigraphic Borings. . Background Metals Soil Sampling . . Appendix IX Soil Sampling . 
. New Monitoring Well Installation and Development (MW31C, MW31D, 

MW301, MW501, MW502A, MW502B, MW503, MW504, MW505A, 
MW505B and MW506). 

Ground Water Radionuclide Sampling. 
Dedicated Pump Installation. 

III 07/94 - 08/94 Ground Water SSPL Sampling Event No. 1. 
. Ground Water Radionuclide Sampling . 

IV 08/94 - 09/94 Sub-Phase I Soil Borings 
. Sub-Phase I Vadose Zone Borings and Shallow Soil Sampling (0 to 2 feet) . . On-Property Combination Borings . . Radionuclide Soil Sampling . 

10/94 - 11/94 Sub-Phase 2 Soil Borings . Sub-Phase 2 Vadose Zone Borings . 

10/94 - 11/94 Ground Water SSPL Sampling Event No. 2 
Ground Water Radionuclide Sampling. 
Air Sampling. . Ecological Site Characterization . 

07/95 - 08/95 Sub-Phase 3 Soil Borings . Sub-Phase 3 Vadose Zone Borings . 
Off-Property Vertical Extent Borings. 

v 01195 - 02/95 Slug Testing (On and Off Property Monitoring Wells). 

VI 03/95 . Ground Water SSPL Sampling Event No. 3. 

VII 05195 - 09195 New Off-Property Monitoring Well Installation and Development (MW507 and 
MW508). 

Ground Water SSPL Sampling Event No. 4. . Hydraulic Gradient Test at P6A . 

964202.TXT/HYM Page I of 1 



EM Science Rl/FS 
Cincinnau, Ohio 

TABLE 2-3: SUMMARY OF ANALYTICAL I\-tETIIODS 

Parameter Method of Analysis '!P"a"'=am::::'"''"''------------·"J_, [}iethod of Analvsis 
SSPL Radionuclide 

VOCs SW-846 8260 (water) Gross Alpha, Gross Beta 

SW-846 824~0~(•~o~il)._ _____ _ Gamma Isotopic 

SVOCs SW-846 1::!70 Uranium Isotopic 

PCBs sw 846 8080 Thorium Isotopic 

PCDD/PCFD SW-846 8290 Radium-226 

Metals SW-846 6010/7CKlO series Radium-228 

C anide SW-846 9012 

I Hazardous Waste Characterization -) 

1Non-SSPL Appendix IX Flash int 

Pesticides/PCBs SW-846 8080 Corrosivity-pH 

Chlorinated Herbicides SW-846 8150 Paint Filter 

Organophosphorus Pesticides SW-846 8140 Reactivity (Total Cyanide and Sulfide) 

Sulfide SW-846 9030 TCLP Volatiles 

TCLP Semi-Volatiles 

lAir Samples TCLP Pesticides 

yocs T0-14 TCLP Herbicides 

TCLPMetals 

~Geotechnical Properties -~ 
Grain Size ASTM 0422 Other 

Unit Wei ht ACOE TOC 

Moisture Content ASTM 02216 Soil H 

Specific Gravity ASTM 0854 

Atterberg Limits ASTM 04318 

Permeability ASTM 05084 

NOTES: 

SSPL -Site Specific Parameter List 

Appendix IX- USEPA Apendix IV List of Constituents, Federal Register, V.52, P.25942, July 9, 1987 

VOCs- Volatile Organic Compounds 

SVOCs- Semi-Volatile Organic Compounds 

PCBs - Polychlorinated Biphenyls 

PCDD/PCDF- Polychlorinated Dibenzo-p-Dioxins and Polychlorinated Dibenzo Furaru; 

TOC - Total Organic Carbon 

SW-W'i- 'Test Methods for Evaluating Solid Waste, Physical/Chemical Methods", USEPA, September 1986, 3rd Edition 

T0-14 - "Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air", EPA-600/4-79-041, Apr[! 1984 

ASTM - "Annual Book of ASTM Standards', American Society for Testing Materials, 1992 

ACOE- "Laboratory Soils Testing", Army Corps of Engineers, EM 1110-2-1906, November 30, 1970 

Walkley-Biack- "Methods of Soil Analysis, Part 2, Chemical and Microbiological Properties", American Society of Agronomy, 1965 

TCLP -Toxicity Characteristic Leaching Procedure; US EPA Method 1311, Federal Register, v.55, p. 26986, June 29, 1990. 

"'Internal Laboratory SOP: "Thorium isotopic and Lead-210 Analysis of Water, Sediment and SoiL • 

96-SJJO.WK4\HYM 

SW-11469310 

ASTM 03649-85 

ASTM 03972-82 

SOP #20-Th/Pb* 

Drlnking Water Method 903.1 

Drinking Water Method 904.0 

SW-846 !010 

SW-W'i 9045 

SW-!146 9095 

sw -846 9030/9012 

SW-846 1311/8240 

SW-846 !311/8270 

sw 8461311/8080 

SW-846 1311/8150 

SW-846 1311160\0n470 

Walkie Black 

SW-846 9045 

03129196 
Project No. 0100.50.10 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE2-7: Rl SAMPLE SUMMARY BY PHASE* 

I 
Area of I 

Sampling 
I 

Number of Sampling 

Phase Investhmtion Task Locations Matrix 

Phase I AI-l Back•round Metals 5 _ground water 

AI-2 Background Metals I ground water 

AI-3 AooendixiX 3 ground water 

AI-4 Back!:!round Metals I eround water 

Aooendix IX 4 ground water 

AI-5 Aooendix IX 3 _ground water 

Sediment Samnle I sediment 

Phasell AI-l Bacbround Soil Boring_ 5 soil 

Lower Till Soil Borin!! I soil 

AI-2 Bacb!round Soil Borin!! 2 soil 

Lower Till Soil Borin!! I soil 

AI-3 Aooendix IX Boring 8 soil/fill 

Lower Till Soil Borin!! 1 soil 

New Well Installation I soil 

AI-4 Aooendix IX Soil Borin• 1 soil/fill 

AI-5 New Wen Installation 4 soil 

Phase Ill AI-l SSPL Ground Water #1 9 ground water 

AI-2 SSPL Ground Water #1 6 ground water 

AI-3 SSPL Ground Water #I 15 e:round water 

AI-4 SSPL Ground Water #1 12 ground water 

AI-5 SSPL Ground Water #1 12 ground water 

SSPL Ground Water #1 2 ground water 

Air Samnlin• 1 air 

Phase IV AS-I Subohase 1 - VZ Boring 4 soil 

Subphase 2 - VZ Borin• 1 soil 

SSPL Ground Water #2 9 ground water 

AI-2 Subohase 1 - VZ Boring 2 soil 

Subphase 2 - VZ Borin• ' 2 soil 

SSPL Ground Water #2 6 ground water 

96-5112.WK41HYM 

Constituents 

I 
Number of I Number of 

Samnled Analvtical Samnles ' Geotechnical Samnles 

Aoo. IX Metals 5 0 

App. IX Metals 1 0 

Aooendix IX. Rad 3 0 

App. IX Metals I 0 

Aooendix IX. Rad 4 0 

Aooendix IX. Rad 3 0 

Rad I 0 

Aoo. IX Metals. Rad 5 0 

GTP. TOC 0 8 

Aoo. IX Metals. Rad 2 0 

GTP. TOC 0 7 

Aooendix IX 19 2 

GTP TOC 0 9 

GTP. TOC I 0 4 

Appendix IX 2 0 

GTP. TOC 0 14 

SSPL. Rad. D/F (F) • 9 0 

SSPL. Rad. D/F (F) 6 0 

SSPL. Rad. D/F (F) 15 0 

SSPL. Rad. D/F (F) 12 0 

SSPL. Rad. D/F (F) 12 0 

VOCs 1 0 

VOCs 1 0 

SSPL. Rad. GTP. TOC 15 2 

SSPL. Rad. GTP. TOC 6 2 

SSPL. Rad. D/F (F) 9 0 

SSPL. GTP. TOC. VOCs. Rad 7 1 

SSPL. GTP. TOC. VOCs. Rad 13 6 

SSPL. Rad. D/F (F) 6 0 

I Rinsate Field 

I Blank Dunlicate MS/MSD 

0 I 0 

0 0 0 

0 0 0 

0 0 0 

0 I I 

0 0 0 

0 0 0 

0 I 0 

0 0 0 

0 0 0 

1 0 0 

I I 5 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 2 

0 0 0 

0 2 5 

0 1 2 

0 0 0 

0 0 0 

0 0 0 

0 0 1 

1 0 1 

0 0 0 

0 0 2 

0 0 0 

0 0 2 

I 
Field 

Blank 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 0 

0 

0 

0 

0 

0 

04/01/96 

Project No. 0100.50.10 

Total Samples 

Collected 

6 

I 

3 

I 

6 

3 

I 

6 

8 

2 

8 

26 

9 

4 

2 

14 

11 

6 

22 

15 

10 

I 

1 

18 

10 

9 

10 

19 

8 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-7: RI SAMPLE SUMMARY BY PHASE* 

I I 
Sampling Area of 

Phase I Investigation Task 

Phase IV (cant) AI-3 Subphase 1 - VZ Boring 

Subohase 2 - VZ Boring 

Combination Boring; 

SSPL Ground Water #2 

AI-4 Subphase 1 - VZ Boring 

Subphase 2 - VZ Boring 

Combination Boring 

SSPL Ground Water #2 

AI-5 Subphase 1 - VZ Boring 

Subphase 3 - VZ Boring 

Vertical Extent Boring 

New Well Installation 

SSPL Ground Water #2 

SSPL Ground Water #2 

Air Sampling 

Phase VI AI-l SSPL Ground Water #3 

AI-2 SSPL Ground Water #3 

AI-3 SSPL Ground Water #3 

AI-4 SSPL Ground Water #3 

AI-5 SSPL Ground Water #3 

SSPL Ground Water #3 

Phase VII AI-l SSPL Ground Water #4 

AI-2 SSPL Ground Water #4 

AI-3 SSPL Ground Water #4 

AI-4 SSPL Ground Water #4 

AI-5 SSPL Ground Water #4 

NOTES: 
App. IX Metals- Appendix IX Metal List Constituents 

Appendix IX - Appendix IX Constituents 

Rad - Radionuclides 

GTP - Geotechnical Properties 

TOC - Total Organic Carbon 

96-5112.WK4\HYM 

I 

i 

I 

I I Number of Sampling Constituents 

Locations Matrix Samoled 

12 soil SSPL, GTP, TOC, Rad, VOCe 

1 soil SSPL, GTP, TOC, VOCs 

8 soil SSPL, GTP, TOC, Rad, VOCs 

15 ground water SSPL, Rad, DIF (F) 

5 soil SSPL, GTP, TOC, Rad, VOCs 

3 soil SSPL, GTP TOC, VOCs 

1 soil SSPL, GTP, TOC, Rad, VOC' 

12 ground water SSPL, Rad, DIF (F) 

7 soil SSPL, Rad 

5 soil SSPL, GTP, TOC, VOCs, HWC 

9 soil SSPL, GTP, TOC, Rad, VOCs, HWC 

2 soil GTP, TOC 

12 _ g_ound water SSPL, Rad, DIF (F) 

2 ground water SSPL 

9 air VOCs 

9 ground water SSPL wlo SVOCs, PCBs, CN; DIF (F) 

6 grc;>und water SSPL, DIF (F) 

15 ground water SSPL, DIF (F) 

12 ground water SSPL, DIF (F) 

13 ground water SSPL, DIF (F) 

2 e:round water SSPL 
" 

6 ground water VOCs, DIF, TID Metals 

5 ground water VOCs, DIF, TID Metals 

9 g~ound water VOCs, DIF, TID Metals 

11 ground water VOCs. DIF, TID Metals 

13 ground water VOCs. DIF, TID Metals 

SSPL- Site Specific Parameter List Constituents 

VOCs- Volatile Organic Compounds 

D/F (F) - Laboratory Filtered Dioxin!Furan 

D/F - Dioxin!Furan Constituents 

SVOCs- Semi-Volatile Organic Compounds 

I 
Number of I Number of 

Analvtical Samoles Geotechnical Samnles 

59 

4 

69 

15 

23 

21 

9 

12 

7 

21 

67 

0 

12 

2 

9 

9 

6 

15 

12 

13 

2 

6 

5 

9 

11 

13 

PCBs - Polychlorinated Biphenyl Compounds 

TID Metals- Total and Dissolved Metals 

HWC- Hazardous Waste Characterization 

VZ - Vadose Zone 

20 

1 

39 

0 

7 

11 

5 

0 

0 

5 

26 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 
Rinsate 

Blank 

5 

0 

1 

0 

1 

0 

0 

0 

0 

2 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

*See Tables 2-9, 2-10, 2-11 and 2-17 for comprehensive sample summaries. 

I 
Field 

Duolicate MS/MSD 

3 5 

0 1 

2 10 

2 5 

1 2 

1 2 

1 0 

1 3 

0 0 

0 2 

2 4 

0 0 

0 0 

0 1 

0 0 

0 4 

1 0 

0 2 

2 4 

0 4 

0 0 

0 0 

0 1 

1 1 

0 2 

2 2 

Field 

Blank 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

3 

04101196 

Project No. 0100.50.10 

Total Samples 

Collected 

92 

6 

121 

22 

34 

35 

15 

16 

7 

30 

106 

10 

15 

3 

9 

13 

7 

17 

18 

20 

2 

6 

6 

11 

13 

20 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SO IT.. BORINGS 

Boring I Drilling I Total ' I Sample 
I 

Sample 

lD Method De tb tft\ Identification Date 

[AREA Al-l 

VZB101 HSA I 6.0 VZB101.157 823 609-611 03112194 

VZB102 HSA 6.0 VZBI02193 823 609-611 03!12/94 

VZBt03 HSA 16.0 VZB103,290,545,598 600 03!12!94 

VZB.OAOC.DUP 031294 03/12194 

VZB104 HSA 10.0 YZBI04,290,505 600-602 03/12/94 

VZBIOS HSA 8.0 VZBI05 2&5 440 602 604 031l2/94 

LT\06 ROTO 177.0 LTI06 289,525.590-592 05/01194 

L Tl 06,289,525,576-578 05!01/94 
. LTl06 289 525 556-558 05/01/94 

LTI06 289 525,536-538 05101194 

LT106,289 525 526-528 05101194 

LT106 289 525 '121-523 05/01194 

LT106 289 525 457-459 05/01/94 

LT\06,289,525 ,436-438 05/0l/94 

VZI01 HSA 30.5 VZ101244 625 606-610 08/07/94 

VZ101,244 625 598-602 08107/94-

VZI07 244 625 588-590 08/01/94 

VZ107 244 625 583.5 587 08/01/94 

VZJOS HSA 32.0 VZJ08,330 522,604-608 08/06!94 

VZ108 330 522 596-«XX 08/06/94 

i VZJ08,330 522,592 594 08/06/94 

VZ111 HSA 32.0 VZlll 410 365 601-605 11102/94 

VZlll 410,365 599-601 11102/94 

VZlll 410,365,593 597 11/02/94 

VZlll 410 365 581-585 11/02/94 

VZI11,410 365,579-581 ll/02/94 

VZlll410 365 577-579 11102/94 

H20VZ1ll 111294 11112/94 

VZ112 HSA 32.0 VZll2 430,455 601-605 08105194 

VZ112 430 455 589-593 08/05/94 

VZI12 430 455 581-585 08105194 

VZ112 430 455 571 575 08/05/94 

VZ115 HSA 31.0 VZIIS 425 330 601-605 08/04/94 

VZ115,425,330,595-597 08/04/94 

VZ115 425 330 591-593 08104194 

VZII5 425 330 578-583 08/04/94 

iAREAAI-2 
----

VZB201 HSA 6.0 VZB201 257 815 608-610 03/12/94 

VZB202 HSA 6.0 VZB202 369 815,606-608 03/12/94 

LT203 HSA 121.0 LT203 410 740 599-601 03/12194 

LT203 410 740 576-578 03!12/94 

LT203 410 740 573 575 03/12!94 

LT203 410 740 564-566 03/12/94 

L T203,410, 740,542-543 03/12/94 

LT203 410 740 53Q..-532 03112194 

LT203 410 740 490-492 03!12194 

LT203 AUGHZO 031395 03/13/95 

96-5114.WK4\HYM 

I Smnple' I Geologic 

De th 'fl1 Unit 

,_, co 
'. 6 co 

10- 12 co 
8-10 co 
8 -10 co 
6 8 co 

19.21 co 
33-35 02 

53. 55 03 

73 75 EO 

83.85 El 

88-90 Fl 

152-154 Fl 

173 -175 Fl 

'. 8 Bl 

12- 16 co 
24-26 co 

27- 30.5 co 

' . 8 co 
12- 16 co 
18 20 co 
'. 8 co 
8- 10 co 
12 " co 
24-28 co 
28-30 02 

30- 32 02 

.. 

4-8 co 
16-20 co 
24-28 co 
28-32 co 
'. 8 co 

12-14 co 

" 18 co 
26-31 co 

4. 6 co 
,.6 co 

10- 12 co 
33-35 02 

36- 38 01 

45 47 02 

68 69 EO 

79-81 Fl 

119- 121 Fl 

I 

03/21!196 
Project No. 0100.50.10 

Constituents 
Samnled 

Aox IX Metals RAD 

Aox IX Metals RAD 

Aox IX Metals, RAD 

Anx IX Metals OUP 

Anx IX Metals RAD 

Anx IX Metals RAD 

GTP TOC 

GTP,TOC 

GTP TOC 

GTP TOC 

GTP TOC 

Gil' TOC 

GTP TOC 

GTP, TOC 

SSPL RAD 

SSPL w/o D/F & PCBs RAD 

GI'P TOC 

SSPL RAD 

SSPL RAD 

SSPL w/o D/F & PCBs RAD 

SSPL RAD 

SSPL 

GTP TOC 

SSPL w/o D/F & PCBs 

SSPL 

voc. 
GfP TOC 

VOCs• RIN MS/MSD 

SSPL, MS/MSO 

SSPL w/o DIF & PCBs 

SSPI.. RAD 

RAD 

SSPL RAD 

SSPL wlo D/F & PCBs, RAD 

GTP TOC 

SSPL RAD 

A x IX Metals RAD 

A x IX Metals RAD 

CITP TOC 

GTP TOC 

GTP TOC 

GfP TOC 

GTP,TOC 

CITP TOC 

GTP TOC 

VOCs• RlN 

I 

I 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOIL BORINGS 

Boring Drilling Total Sample Sample 

ID Method o,oth [ft) Identification Date 

VZ204 HSA 48.0 VZ204,445 700,602-606 10129/94 

VZ204 445 700 598 600 10/2-9/94 

I 
VZ204 445 700 594-598 10129/94 

VZ204,445 700,582-586 1012-9/94 

VZ204 445700 578-582 10129/94 

VZ204 445 700 572-574 10129/94 

VZ204,445 700 564-566 10/29/94 

VZ204 445,700,562-564 10/2-9/94 

VZ205 HSA 28.0 VZ205 ,425 ,630,602-606 08/14/94 

VZ205 425,630 590-594 08114194 

VZ205 425,630 586-590 08114194 

VZ206 HSA 32.0 VZ206 335 685 604-608 08/06/94 

VZ206,335 685 596-598 08/06/94 

VZ206 335 685 592-596 08/06/94 

VZ206,335 ,685,580-584 08/06194 

VZ208 HSA 34.0 VZ208 560 745 600-602 10!30194 

VZ208 560 745 594-598 10!30/94 

YZ208 560 745,586-590 10!30/94 

VZ208 560,745 582-584 10!30/94 

VZ208,560,745 576-580 10130/94 

QAQCET-103194 10/31!94 

QAQCNT-103!94 10/31!94 

IAREAAI-3 

VZ9301 HSA 26.0 VZ9301 258,727,607-609 03112/94 

VZ9301 258 727 605-607 03/12194 

VZ9301 258,727 591-593 03/12194 

VZ9302 HSA 20.0 YZ9302 302 364 595-600 03/12/94 

VZ9302,302 364 590-595 03/12194 

VZ9,0AOC,DUP,D31294 03/12/94 

H20 VZ9302 031294 03/12/94 

VZ9307 HSA 20.0 VZ9307 600 420 591-5% 03/08/94 

VZ9301600 420 586-591 03108/94 

VE309NZ318 ROTO 85.0 VZ318 450 612 604-609 08106/94 

VZ318,450,612,594-599 08/06/94 

VZ318 450 612 584-589 08/06/94 

VZ318 H20 574-579 080694 08/06/94 

VE309 450 612 574-579 08/06194 

YE309 450 612 564-569 08106194 

VE309 450 612 559--564 08106194 

VE309 450 612.554-559 08/06/94 

VE309 450 612 549-554 08/06194 

VE309 450 612 539--544 08/06/94 

VE309 450 612 534-539 08/06/94 

VE309 450 612 524-529 08/06/94 

VE310NZ9305 ROTOfHSA 85.0130.0 VZ9305,550,583 597-599 03/ll/94 

VZ9305 550 583 589-591 03111194 

YE310 510 583 584-589 08/13/94 

VE310 510 583 579-584 08113194 

VE310 510,583.574-579 08/13/94 

VE310,510,583,564-569 08/13194 

VE310,510 583,554-559 08!13/94 

VE310,510,583 544-549 08113/94 

VE3!0 510 583,539-544 08/13194 

VE310 510 583,534-539 08113194 

VE310,510,583 ,524-529 08113/94 

96-5114.WK4\HYM 

I Sampl' I Geologic 
Dooth ([!) Unit 

4- 8 co 
10 12 co 
12- 16 co 
24-28 co 
28 32 Dl 

36 38 "' 
44 " D2 

46-48 D2 

4-8 co 
16-20 co 
20-24 co 

4 - 8 co 
12- 14 co 
16-20 co 
28 32 co 
8- 10 co 
12-16 co 
20-24 co 
26-28 co 
30-34 D1 

18 -20 co 
18 20 co 

4- 6 BO 

6-8 Bl 

20-22 Ci 

10-15 BO 

15-20 Bl 

15-20 Bl 

--
10- 15 BO 

15- 20 Bl 

0 ' BO 

10- IS co 
20 25 co 

-- --
30-35 Dl 

40-45 D2 

45 -50 D3 

50-55 D3 

55-60 D3 

65 70 EO 

70-15 EO 

80 85 EO 

10 12 co 
18 ~20 co 
20 25 co 
25-30 Dl 

30 35 D2 

40-45 D3 

50-55 D3 

60-65 D3 

65 -70 05 

70 75 EO 

80- 85 EO 

I 

0312-8/96 

Project No. 0100.50.10 

Constituents 

Sam led 

SSPL 

GTP TOC 

SSPL w/o DIF & PCBs 

SSPL 

GTP TOC 

GTP TOC 

VOCs 

GTP TOC 

SSPL, RAD 

SSPL w/o D/F & PCBs RAD 

SSPL TOC RAD MSIMSO 

SSPL RAD 

CITP TOC 

SSPL wlo D/F & PCBs RAD MS/MSD 

SSPL, RAD 

GTP TOC 

SSPL 

SSPL wlo DIF & PCBs 

SSPL 

GTP, TOC 

VOCs ((IT) 

VOCs 

Aox IX 

AoxiX 

GTP 

Ax IX MS/MSD 

A' IX 
VOCs DUP 

RIN VOCs 

Apx IX 

Apx IX MS/MSD 

SSPL RAD 

SSPL w/o D/F & PCBs RAD, MS/MSD 

SSPL GTP TOC RAD 

vocs- RIN 

CITP TCC 

CITP TOC 

SSPL RAD 

GTP TOC 

SSPL w/o D/F & PCBs GTP TOC RAD 

GTP TOC 

SSPL RAD 

(ITp 

~p)[ IX, MS/MSD 

Apx IX 

SSPL RAD 

GfP TOC 

SSPL GTP TOC RAD 

SSPLw/o DIF & PCBs, GTP,TOC, RAD 

SSPL RAD 

VOCs 

voc. 
VOCs GTP TOC 

VOCs 

I 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOIL BORINGS 

Boring Drilling Total Sample 

I 
Sample Sample 

ID Method Denth (ftl Identification Date De th (ft) 

' 
V£31 !NZ9304 ROTO/HSA 85.0130.0 VZ9304,600,600,599-601 03/10/94 5 7 

VZ9304,600,600589-591 i 03110/94 15- 17 

VE311 616,602,584-589 08/10/94 20-25 

VE3ll ,616,602,574-579 08/\0/94 30-35 

VE311,616,602 569-574 08/10/94 35- 4{1 

VE311 616,602,564-569 08/10!94 4() 45 

VE31l 616 602,554-559 08/10/94 50- " VE311 ,616 602,549-554 08/10/94 " -60 

VE311 ,616,602,544-549 08/10194 60 65 

V£311 616,602 539-544 08110194 65 -70 

VE311 616,602 534-539 08110/94 70 7S 

VE311,6!6,602 524-529 08/10/94 80 85 

VE,QAQC,DUPI 081094 08/10/94 30-35 

VE312NZ9303 ROTOIHSA 75.0/20.0 VZ9303 430 533,598-602 03fll/94 8- 12 

VZ9303,430,533,594-598 03111/94 12 -16 

VE312 420,570,585-590 08/07/94 20-25 

VE312,420,570 580-585 08/07/94 25-30 

VE312 4-20 570 565-570 08107/94 40-4-5 

VE312 420,570,555-560 08/07/94 50-55 

VE312,420,570,545-550 08/07/94 60-65 

VE312 420 570.540 545 08/07/94 65- 70 

VE313NZ9306 ROTOIHSA 80.0/20.0 VZ9306,543,491 592 597 03/08/94 10-15 

VZ9306 543 491,587-592 03/08/94 15-20 

VE313 540 491 583-588 08/09/94 20 25 

VE313,540,491 ,578-583 08/09/94 25 -30 

VE3l3 540 491 573-578 08/09/94 30-35 

VE313 540 491 563-568 08/09/94 40-45 

VE313 540.491 553-558 08/09/94 so -55 

VE313 540 491 543-548 08/09/94 60-65 

VE313 540,491,528-533 08/09/94 75-80 

VE313 540 491 573-578 (MS!MSD) 08/09/94 30-35 

VE314NZ323 ROTO 75,0 VZ323 528 405 603-608 08/08/94 0-5 

VZ323 528,405 593-598 08/08/94 10-15 

VZ323 528 405 583-588 08108/94 20-25 

V£314,528,405 ,573-578 08/08/94 30- 35 

VE314 528 405 568-573 08/08/94 35 -40 

VE314- 528 405 563-568 08/08/94 40-45 

VE314 528 405 553-558 08/08/94 so- 55 

VE314 528 405 548-553 08108194 55 60 

VE314 528 405 543-548 08/08194 60-65 

VE314 528 405,533-538 08108194 70 -75 

H20 VE314,080894 08/0ll/94 

VE315NZ9308 ROTO!HSA 90.0/30.0 VZ9308 635 360,600-602 08/01/95 0-2 

VZ9308 635 360,584-586 03/10/94 18- 20 

VZ9308,635 360 578-582 03110/94 22 -26 

VE315 633,357,604-606 08/15194 0 2 

VE315 633 357 571-576 08/15/94- 30-35 

VE315 633,357,561-566 08115/94 40-45 

VE315 633 357 551-556 08/15/94 50- 55 

VE315 633 357 541-546 08/15/94 60- 65 

VE315,633,357 ,531-536 08/15/94- 70-75 

V£315,633,357 521 526 08115/94 80- 85 

VE,OAOC DUP3,081594 08/15/94 30- 35 

96-5114.WK4\HYM 

Geologic 

I Unit 

BO 

co 
co 
Dl 

02 

03 

03 

05 

03 

03 

05 

EO 

D2 

BO 

Bl 

co 
Dl 

02 

03 

05 

EO 

BO 

Bl 

co 
01 

02 

D2 

03 

03 

EO 

02 

BO 

co 
co 

02 (Dl) 

02 

02 

03 

03 

03 

05 

AO 

BO 

BO 

AO 

02 

02 

03 

03 

05 

EO 

02 

03128/96 

Project No. 0100.50.10 

Constituents 

Sam~led 

ApxlX 

Apx IX 

SSPL RAD 

SSPL, GTP, TOC, RAD 

GfP, TOC 

SSPL w/o DIF & PCBs, GTP TOC RAD 

SSPL GTP TOC RAD 

GTP TOC 

SSPL, RAD 

GTP TOC 

voc, 
VOCs GTP, TOC 

SSPL RAD DUP 

Ap,; IX 

Ap,; IX 

SSPL RAD 

GTP TOC 

SSPL w/o 0/F & PCBs GTP TOC RAD 

GTP TOC 

SSPL, RAD 

GTP TOC 

A" IX MS/MSD 

A> IX 

SSPL GTP TOC RAO 

GTP, TOC 

SSPL GfP TOC RAD 

SSPL w/o D/F & PCBs RAD 

GTP TOC RAD 

voc. 
VOCs, GTP, TOC 

SSPL MS/MSD 

SSPL RAD MS/MSD 

SSPL GTP TOC RAD 

SSPL RAD 

SSPL RAD, MSIMSD (GTP, TOC) 

GTP TOC 

SSPL w/o D/F & PCBs RAD 

SSPL RAD 

GTP TOC 

VOCs MS/MSD 

VOCs GTP TOC 

VOCs* RAD 

GfP 

Ap,; IX 

Ap,; IX MS/MSD 

SSPL RAD 

SSPL GTP TOC RAD 

SSPL w/o 0/F & PCBs RAD 

SSPL GTP TOC RAO 

VOCs 

voc. 
VOCs, GTP TOC 

SSPL, RAD, DUP 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOIL BORINGS 

Boring Drilling I Total Sample Sample 

ID Method Deoth fft) Identification Date 

VE316NZ324 ROTO 

I 
105.0 VZ324,520.338,598 603 08/04/95 

VZ324,520,338,588"593 08/04/95 

VZ324,520 338 583-588 08/04/95 

VE316,520,338,573-578 08/04/95 

VE316,520,338,563-568 08104/95 

VE316_520 338,558-563 08/04/95 

VE316 520 338 553-558 08/04/95 

VE316,520,338,533 538 08/04/95 

VE316,520,338,503 508 08/04195 

VZ3t7 HSA 24.0 VZ317 ,300 660 600-604 10/30/95 

VZ317300 660,594-596 J0/30195 

VZ311300 660,592-594 10/30195 

VZ3l7 300 660 588 590 10130195 

VZ319 ROTO 85.0 VZ319 514,645 605~10 08116194 

VZ319,514,645 ,595-600 08116194 

VZ319 514 645 585-590 08116194 

VZ319,514 645 575-580 08/16194 

VZ319 514 645 565 570 08/16/94 

VZ319 514 645 555-560 08/16/94 

VZ319,514,645 ,550-555 08116194 

VZ319 5\4 645 535 S<W 08/16/94 

VZ319 ,514,645,525-530 08116/94 

VZ320 ROTO 85.0 VZ320 558,630 600-605 08/14/94 

VZ320 558 630 595-600 08/14194 

VZ320,558,630,590-595 08/14/94 

VZ320 558 630 585-590 08/14/94 

VZ320,558 630,580-585 08114194 

VZ320 558 630 575-580 08/14/94 

VZ320 558 630 570 575 08/14/94 

VZ320,558,630,565-570 08/14/94 

VZ320,558 630,550-555 08/14194 

VZ320 558 630 545 550 08/14/94 

VZ320 558 630 535 540 08114194 

VZ320,558,630 525-530 08114194 

H20,VZ320,081494 08/14/94 

VZ321 HSA 30.0 VZ321 528 526 607 609 08/15/94 

VZ321 528 526 60HOS 08/15/94 

VZ321,528 526 589-593 08/15/94 

VZ321 528 526 585-589 08/15194 

VZ321 528 526 581-583 08/IS/94 

H20 VZ321 081594 08/15/94 

VZ,QAQC DUP4 081594 08/15/94 

VZ327 HSA 20.0 VZ327 580 331 606-608 08/08/94 

VZ327 580 331 600-604 08/08/94 

VZ327 580 331 596-600 08/08194 

VZ327 ,580,331,592-596 08/08/94 

VZ327 580 331 586-588 08/08/94 

VZ327 580 331,590-592 08/08/94 

VZ327 580 331,588-590 08/08/94 

H20,VZ327 080894 08/08194 

VZ328 PB 2.0 VZ327 ,681 ,394,600-602 08110/94 

VZ329 PB 2.0 VZ329 ,552,388,606-608 08/10/94 

96-5114_ WK4\HYM 

Sample Geologic 

De th W Unit 

5 -10 co 
15- 20 co 
20-25 co 
30-35 02 

40-45 02 

45-50 02 

50 " 03 

70- 75 EO 

100- 105 Fl 

8- l2 BO 

16-18 co 
18 20 CJ 

22- 24 co 
0-5 BO 

10- 15 co 
20-25 co 
30-35 OJ 

<W- 45 02 

50- 55 03 

55- 60 04 

70- 75 EO 

80-85 El 

5 JO BO 

10-15 co 
J5 20 CJ 

20-25 co 
25-30 OJ 

30 3S OJ 

35-40 02 

<W- 45 03 

55- 60 04 

60-65 03 

70-75 EO 

80- 85 EO 

-- --
0-2 AO 

4-8 Bl 

16-20 co 
20-24 co 
26-28 co 

-- --
20-24 co 
0-2 AO 

4-' BO 

8- 12 BO 

12- 16 BO 

18-20 CJ 

16- 18 co 
16- 18 co 

-- --
0-2 AO 

0-2 AO 

OJnS/96 

Project No. 0100.50.10 

Constituents 

Samnled 

SSPL RAD 

SSPL w/o D/F & PCBs, RAD 

SSPL RAD, MS/MSD 

SSPL RAD 

SSPL w/o 0/F & PCBs RAD 

GTP TOC 

SSPL GTP TOC, RAD 

GTP TOC 

GTP, TOC 

SSPL 

SSPL 

GTP, TOC 

VOCs MSfMSD 

SSPL RAD 

SSPL w/o DIF & PCBs, GTP TOC, RAD 

SSPL RAD 

GTP-TOC 

SSPL w/o DIF & PCBs RAD 

SSPL RAD 

GTP, TOC 

SSPL GTP TOC, RAD, MS/MSD 

voc. 
SSPL RAD 

SSPL wlo DIF & PCBs GTP TOC RAD 

GTP, TOC 

SSPL RAD 

GTP TOC 

GTP TOC 

GTP TOC 

SSPL, GTP, TOC, RAD 

GTP TOC 

SSPL RAD MS/MSD 

VOCs GTP TOC 

voc. 
VOCs"', RIN 

SSPL RAD 

SSPL RAD 

SSPL w/o 0/F & PCBs RAD 

SSPL RAD 

GTP TOC 

vocs- RIN 

SSPL RAD DUP 

SSPL RAD 

SSPL RAD 

SSPL w/o D/F & PCBs RAD 

SSPL, RAD 

GTP 

TOC 

GTP 

VOCs* R1N 

SSPL, RAD 

SSPL, RAD 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOIL BORlNGS 

Boring Drilling Total Sample Sample 

ID Method Deoth fft) Identification Date 

VZ330 HSA 28.0 VZ330 589 504.599-603 08110194 

VZ330 ,589,504.595-599 08110/94 

VZ330,589 504,580}..591 ' 08!10/94 

VZ330,589 ,504,583-587 08/10/94 

VZ.OAOC DUP2,081094 08/10194 

VZ33l HSA 32.0 VZ331 631 563 605-609 08/09/94 

V7.331 631 563,59Uill 08109/94 

VZ331 ,631 ,563,593-595 08/09/94 

VZ331,631,563 581-585 08/09!94 

H20 VZ331 080994 08/09/94 

VZ332 HSA 32.0 VZ332 674,617,607-609 08116194 

VZ332 674,617,601-605 08/16/94 

VZ332 674,617 597-601 08/16194 

VZ332 674 617 583-585 08{16/94 

VZ332,674,617 ,581-585 08116194 

H20 VZ332 081694 08/16/94 

VZ,OAOC DUP5,081695 08/16/94 

VZ333 HSA 26.0 VZ333, 718 ,528,606-608 08/07/94 

VZ333 718,528 600-604 08/07/94 

VZ333, 718,528,594-598 08/07/94 

VZ333,718 528 588-592 08/07/94 

VZ333 718 528,584-588 08/07/94 

VZ335 PB 2.0 VZ335 651 455 605-607 08110/94 

VZ336 HSA 26.0 VZ336 704 419 606--608 08/08194 

VZ336, 704,419,600-604 08/08/94 

VZ336 704 419 592-596 08!08/94 

VZ336 704 419 590-592 08108194 

VZ336 704 419,588-590 08/08/94 

LT338 ROro 187.0 LT338 673 500 585-587 05/04/94 

LT338,673 ,500,573-575 05/04/94 

LT338 673 500 548-550 05/04194 

LT338 673 500 533-538 05/04194 

LT338 673,500 528-530 05/04/94 

LT338 673 500 453-455 05!04/94 

L T338,673 ,500,448-450 05/04/94 

LT338 673 500,430-432 05/04/94 

LT338 673 500 423-425 05104/94 

MW31D HSA 65.0 MW31D 547 658 589-591 03fl9/94 

MW31D 547 658 576-578 03/19194 

MW31D 547 658 562-564 03/19194 

MW31D 547,658 546-548 03fl9/94 

IAREAAI-4 

VZ9401 HSA 48.0 VZ9401 867 737,577-581 03/15/94 

VZ9401.867 737 549-551 03/15/94 

VE402NZ407 ROTO 65.0 VZ407,793 803,596-598 08118/94 

VZ407 793,803.583-588 08/18/94 

VZ407 793,803,573-578 08118/94 

VE402 793 803 563-568 08/18/94 

VE402 793 803 553-558 08/18194 

VE402,793 803,548-553 08118/94 

VE402 793,803,543 548 08/18/94 

VE402 793,803 538-543 08118194 

VE402,793,803 533-538 08118194 

VE,OAOC.DUP7,081894 08/18194 

96-5114.WK4\HYM 

Sample Geologic 

Deoth (ft) Unit 

4- 8 Bl 

8- l2 BO 

16- '" co 
20- 24 co 
4- • " 0 4 Bl 

8- 12 co 
14-16 co 

24-28 co 

-- --
0-2 AO 

4-8 co 
8- 12 co 

24-26 co 
26-28 co 

-- --
8- 12 co 

0 2 AO 

'- 8 co 
10- 14 co 
16-20 co 
20-24 co 
0-2 AO 

0-2 AO 

4-8 co 
12 -!6 co 
16- 18 co 
18 20 co 
21-23 co 
33-35 02 

58-60 03 

6<-66 04 

78- 80 EO 

153 + !55 Fl 

158 -160 Fl 

!76 !78 F2 

183- 185 F2 

18-22 Cl 

32- 34 Dl 

48-50 02 

63- 65 04 

16-20 BO 

46 48 Bl 

0-2 AO 

10-15 BO 

20-25 co 
30- 35 co 
40-45 D2 

45-50 02 

50-55 03 

55- 60 03 

60- 65 05 

60-65 OS 

03/28/96 

Project No. 0100.50.10 

Constituents 

Sarno led 

SSPL RAD 

SSPL w/o D/F & PCBs RAD, MSIMSD 

GTP, TOC 

SSPL, RAD 

SSPL RAD DUP 

SSPL RAD 

SSPL w/o D/F & PCBs RAD 

GTP roc 
SSPL, RAD 

vocs• RIN 

SSPL RAD 

SSPL, RAD 

SSPL wlo DIF &. PCBs RAD 

GTP TOC 
SSPL RAD 

VOCs* RIN 

SSPL w/o D/F & PCBs RAD DUP MS/MSD 

SSPL RAD 

SSPL RAD 

GTP TOC 

SSPL wlo D/F & PCBs RAD 

SSPL RAD 

SSPL RAD 

SSPL RAD 

SSPL, RAD, MS/MSD 

SSPL w/o D/F & PCBs RAD 

SSPL RAD 

GTP TOC 
GTP roc 
GTP roc 

GTP TOC 

GTP 
GTP 

GTP roc 
GTP, TOC 

GTP TOC 

GTP TOC 

GTP TOC 
GTP TOC 
GTP TOC 

GTP roc 

ApxlX 

Apx IX 

SSPL, RAD 

SSPL w/o D/F & PCBs RAD 

SSPL GTP TOC RAD 

SSPL RAD 

SSPL w/o D/F & PCBs GTP TOC RAD 

GTP, TOC 

SSPL RAD 

GTP TOC 
VOCs GTP TOC 

VOCs DUP 

I 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOIL BORINGS 

Boring I Drilling Total Sample Sample 

ID Method De th 1ft\ Identification Date 

VZ403 HSA 48.0 VZ403, 950,820,588-592 !0/29/94 

VZ403 950,820,580-584 10129/94 

VZ403 950,820 578 580 10!29194 

VZ403, 950,820,568-572 10129194-

VZ403,950 820,564-566 10129/94 

VZ403,950,820 560-562 10129194 

VZ403 950 820,548 552 10f29/94 

VZ403 ,950,820,548-550 10/29/94 

VZ.QAQC,DUP8,102!f94 10129194-

VZ404 HSA 34.0 VZA04,820 760,588-592 10/31194 

VZ404,820 760 586-588 10/31/94 

VZ404 820,760,576-580 10/31/94 

VZ404 820,760 564-568 10131194-

VZ405 ROTO 65.0 vZ405 91176! 58s.-593 08/18/94 

VZ405,9ll,761,573 583 08118/94 

VZ405,911 761 568-573 08118194 

VZ405,911 761,553-558 08!18/94 

VZMB 911 761 543-548 08/18/94 

VZ405,911 761.533 538 08118/94 

VZ408 HSA 44.0 VZ408,670,616,586-590 08/16194 

VZ408 670 6!6,574-578 08/16/94 

VZ408,670,6!6 562-566 081!6/94 

VZ408 670 616 558-560 08/16/94 

VZ408,670 616 556-558 08116/94 

VZ408,670,6!6,554-556 08/16/94 

VZ409 ROTO 125.0 VZA09 933 614 585-590 08117194 

VZA09 933 614 575-580 08/17/94 

VZ409 933 614 565-570 08/17194 

VZ409 933 614 560-565 08117/94 

VZ409,931,614,555 560 081J7/94 

VZ409,933 614 545-550 08117/94 

VZ409 933 614 535-540 08117/94 

VZ409 933 614 525-530 08/17/94 

VZ409 933 614 505-510 08117/94 

H20,VZ409,081794 08/17/94 

VZ,QAQC DUP6 081794 08117194 

VZ4!0 PB 2.0 VZ410 841 521 596-598 08/14/94 

VZ411 PB 2.0 VZ411,838 474,596-598 08115/94 

VZ412 HSA 46.0 VZ412 835 550 590-594 ll/01194 

VZ412 835 550 586-588 11/01194 

VZ412 835 550 574-578 11/01194 

VZ4t2 835 550 5n 574 11/01194 

VZ412,835 550 570-572 11101194 

VZ412 835,550 565 567 11101194 

VZ412 835,550 562-564 11/01194 

VZA 12,835,550,554-556 ll/Otf94 

VZ412 835 550 552 554 11101194 

96-5114.WK4\HYM 

I S=ple I Geologic 

I Unit De11th fft) 

4. 8 BO 

12-16 BO 

16- 18 BO 

24-28 BO 

30-32 D3 

34-36 D3 

44·48 D3 

"" D3 

4. 8 "' 4·8 BO 

8- 10 BO 

16-20 BO 

28-32 BO 

5-10 BO 

15-25 BO 

25 30 BO 

40 " DJ 

50-55 D3 

6{).65 EO 

8- 12 BO 

20-24 BO 

32-36 BO 

38-40 D3 

40-42 D3 

42-44 D3 

10-15 BO 

20-25 BO 

30-35 BO 

35-40 D3 

40-45 DJ 

50 55 DJ 

60-65 EO 

70-75 EO 

90-95 Fl 

20-25 BO 

0·2 AO 

0·2 AO 

4·8 BO 

10- 12 BO 

20-24 BO 

24-26 co 
26-28 co 
31-33 co 
34-36 D2 

42-44 D3 

44·46 DJ 

03!28/96 
Project No. 0100.50.10 

Constituents 

Sampled 

SSPL MS/MSD 

SSPL w/o 0/F & PCBs 

GTP, TOC 

SSPL 

GTP TOC 

GTP TOC 

GTP TOC 

VOCs 

SSPL, DUP 

SSPL 

GTP TOC 

SSPL w/o DIF & PCBs 

SSPL 

SSPL RAD 

SSPL w/o DIF, RAD 

SSPL RAD 

GfP TOC 

SSPL GTP, TOC RAD MSIMSD 

VOCs GTP, TOC 

SSPL, RAD 

SSPL w/o D/F & PCBs, RAD 

SSPL RAD 

GTP TOC 

SSPL RAD 

VOCs 

SSPL RAD 

SSPL RAD 

SSPL RAD 

GfP TOC 

SSPL, RAD MSIMSD 

voc. 
voc. 

VOCs GTP TOC 

GTP TOC 

VOCs•, R1N 

SSPL RAD DUP 

SSPL RAD 

SSPL RAD 

SSPL MSIMSD 

GTP TOC 

SSPL w/o DIF & PCBs 

SSPL 

GfP TOC 

GTP, TOC 

GTP TOC 

GTP TOC 

GTP TOC 
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EM Science RifFS 
Cincinnati. Ohio 

TABLE 2-9: SUMMARY OF SOIL BORINGS 

Boring 

JD 
,, 
iAREAAI-5 

VZ~Ql- ----

VZ502 

VZ503 _____ 

VZ504 

VZ505 ----

VZ506 

VZ507 

VE508 

VE509 

VE510 

l Drilling I Total 
Method De th ft 

--·· 

HA 2.0 

HA 2.0 

HA 2.0 

HA 2.0 

HA 2.0 

HA 2.0 

HA 2.0 

ROTO 77.0 

ROTO 77.0 

ROTO 47.0 

96-5114.WK4\HYM 

Sample 

Identification 

VZ501,667 ,338,584-586 

VZ502 699 350 584-586 

VZ503, 703,326,576-578 

VZ504 719,330,577-579 

VZ505 706 306 577-579 

VZ506 725 314 576-578 

VZ507 ,710,292,576-578 

VE508,305 ,625 ,594-599 

YE508 305 625,584-589 

vESos 305 625 snssJ 

VE508 305,625 579--584 

VE508 305 625 574-579 

VE508 305,625 569-574 

VE508,305 ,625,559-564 

VE508 305 625 554--559 

VE508 305 625 549 554 

VE508 305,625 544--549 

VE508,305 625,539-544 

VE508 ,305 ,625,529-534 

H20,VES08,062895 

VE509 300 505,601-601 

VE509 300 505 598-599 

VE509,300 505 595-596 

VE509,300,505,591 593 

VE509 300 505 588-589 

VE509 300,505 585-587 

VE509 300 505 585-586 

VE509 300 505 582 583 

VE509 ,300,505,579-580 

VE509 300 505 577-579 

VE509 300 505,573-575 

VE509 300 'i05 571-573 

VE509 300 505 566-567 

VE509 ,300,505 ,565-566 

VE509 300 505 561 562 

VE509 300 505 557-558 

VE509 300 505 552-553 

VE509 300 505 545-546 

VE509 300 505 542-543 

VE509 300 505 537-538 

VE509 300 505 532-533 

VE509 300 505 531-532 

H20 VE509 062795 

VESIO 425 284 602-607 

VE510,425,284,595.5-596.5 

VE510 425 284590--591 

VE510.425,284,584 585 

VE510,425,284,577 578 

VE510 425,284 562-563 

VE510,425 ,284,564-565 

H20,VE510,062695 

08/18!94 

08/18/94 

08!18194 

08/18/94 

08/18/94 

' 08118/94 

08118/94 

06128/95 

06/28/95 

06n8/95 

06/28/95 

06128195 

06/28/95 

0612S/95 

06128195 

0612S/95 

06128/95 

06/28/95 

06128195 

06128195 

06/27/95 

06121195 

06/27/95 

06127/95 

06/27/95 

06/27/95 

06127195 

06127/95 

06/27/95 

06127195 

06127195 

06127/95 

06127/95 

06127/95 

06/27/95 

06127/95 

06127/95 

06127/95 

06127195 

06/27/95 

06127195 

06127/95 

06/27/95 

06126/95 

06/26/95 

06/26/95 

06/26/95 

06/26/95 

06126/95 

06/26/95 

06/26/95 

0 2 AO 

0' 2 AO 

0' 2 AO 

Q,2 AO 

Q,2 AO 

0,2 AO 

0 2 AO 

7' 12 BO 

17-22 BO 

22 23 co 
22 27 co 
27- 32 02 

32.37 02 

42 ~47 02 

47 52 03 

52 57 03 

51-62 03 

62. 67 EO 

72 ,77 EO 

" 

6,7 BO 

9-10 co 
12 13 co 
15 17 co 
19-20 C! 

21-23 co 
22-23 co 
25 26 co 
2S -29 C! 

29-31 D2 

33.35 D2 

35-37 02 

41 -42 02 

42-43 02 

46-47 02 

50-51 02 

55-56 03 

62-63 05 

64-65 05 

69-70 EO 

75 76 EO 

76 77 EO 

" 

2' 7 BO 

12,5 - 13.5 BO 

JS, 19 co 
24 25 co 
31 ·32 02 

46-47 D2 

44-45 02 

" 

voc. 
VOCs 

03/28/96 

Project No. 0100.50.10 

Constituents 

Sam led 

SSPL RAD 

SSPL, RAD 

SSPL, RAD 

SSPL RAD 

SSPL, RAD 

SSPL RAD 

SSPL, RAD 

SSPL, GTP, TOC 

VOCs SVOCs METALS 

voc. 
SSPL GTP, TOC 

SVOCs METALS GTP TOC 

SVOCs METALS GfP TOC 

VOCs, GfP, TOC 

GTP TOC 

VOCs GTP TOC 

GrP TOC 

VOCs, GTP TOC 

GfP,TOC 

RIN vocs• 

SSPL 

VOCs SVOC 

GrP TOC 

SSPL 

GTP TOC 

SSPL 

VOCs GTP TOC 

voc. 
GTP, TOC 

VOCs SVOC METALS 

GTP TOC 

VOCs SVOC METALS 

GrP TOC 

-I 

VOCs, SVOC, METALS, MS/MSD 

GTP TOC 

voc. 
GrP TOC 

voc. 
GrP TOC 

GTP TOC 

voc. 
GrP TOC 

R1N vocs• 

SSPL 

GTP TOC 

VOCs, SVOC METALS 

SSPL 

VOCs SVOC METALS 

voc. 
GTP TOC 

RIN, VOCs 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOH.. BORINGS 

' I Sample Sample Boring ' Drilling Total 
ID I Method D' th lftl I Identification Date 

VZ5l1 HSA 35.5 VZS! 1 ,679,209,5n-s7J.s 07/08/95 

VZ~ll 679,209,566-567.5 i 07108/95 

VZ511,679 209 563-564.5 07/08/95 

VZ511 ,679,209,558.5-560 07/08/95 

VZ5ll 679 209 554-555.5 07108195 

VZ5ll 679,209 545-546.5 07/08/95 

VZ511 679 209.,543.5-545 07/08/95 

H20 VZ511 ,070895 07/08/95 

VZ512 HSA 46.0 VZ512, 743,191 ,570-571.5 07110195 

VZSI2 743 191 564-565.5 07!10/95 

VZ512 743 191 561-562.5 07110195 

VZ512 743.191 556.5-558 07110/95 

VZ512743 191 552-553.5 01/10/95 

VZ512,743 191,543-544.5 01/10/95 

VZ512,743,191 541.5-543 07110/95 

VZ512 743 191 538.5-540 07/10/95 

VZ512,743 191,532.5-534 07110195 

VZ512,743 191,531-532.5 07/10/95 

H20, VZ512 071095 07/10/95 

VZ513 HSA 6.0 VZ513 ,765,290,574-576 01125195 

VZ5l3,765 290 574-576ET 07/25/95 

VZ514 HSA 7.0 VZ5!4 650 250 576-578 07127195 

VZ514 650.250 573-575 07f25195 

VZS14 650 250 571-573 ET 01f25195 

VZ515 HSA 7.0 VZ515,640,225,575-577 01125/95 

VESI6 HSA 22.0 VE516 585 255 571 575 01f21195 

VE516 585 255 565-567 01(27195 

VES16,585 255 561-563 07n7195 

H20 VES16 072795 fflf27!95 

VE517 HSA 22.0 VE517 ,495,240,574-578 fflf26195 

VE517 495 240,568-570 (J1f26195 

VE517 495 240 564-566 (J7f26195 

H20 VE517 072695 07f26195 

VE518 HSA 28.0 VF518 730 285 569-573 01/25/95 

VE518,730,285 567-569 07125/95 

VEStS 730 285 561-565 (J1f25195 

VE518 730 285 549-.'551 (J7f25/95 

H20 VE518 072.'595 07!25/95 

VE.OAOC.DUP9 072595 01125195 

VF518 730 285 569-573 HWC 01!25195 

VE519 HSA 20.0 VE519 715 335 579-581 08/02/95 

VE519,715 335 577-581 08102/95 

VES19 715,335 573-577 08/02/95 

VESI9 715 335 567-571 08102195 

VE519 715 335 565-567 08102195 

VESI9, 715,335,563-565 08102195 

VE519 715 335 561-563 08/02/95 

H20 VESJ9 080295 08102/95 

VE,QAQC,OUPIO 080295 08102195 

VE519 715 335 577-581 HWC 08/02195 

VE520 HSA 36.0 VE520,675 ,315 ,582-586 07/3lf95 

VE520,675 315,572-576 07/31195 

VE520 675 315 564-568 07/31/95 

VE520 675,315,560-562 07/31195 

VES20 675,315 554-556 07/31/95 

VE520,675,315 582-586,HWC 07/31/95 

VE520,675 315,572-576{MS/MSDl 07131/95 

96-5114.WK4\HYM 

Sample Geologic 

D' th (ftl Unit 

5.5 7 02 

ll.S- 13 02 

14.5- 16 02 

19-20.5 02 

23.5-25 02 

32.5- 34 02 

34-35.5 02 

--
5.5- 7 D2 

11.5-13 02 

14.5- 16 02 

19-20.5 02 

23.5-25 03 

32.5 34 03 

34- 35.5 03 

37 38.5 03 

" <4.5 EO 

44.5-46 EO 

-- --
'- 6 BO 

·-6 BO 

0- 2 AO 

3-5 C1 

5-7 C1 

'- 6 02 

8-12 D2 

16- 18 02 

20-22 02 

--
8- 12 02 

16-18 02 

20-22 02 

--
,_ B 02 

8 -10 02 

12-16 02 

26-28 03 

--,_, 
D2 

'- 8 02 

0 2 AO 

0-4 BO 

4- 8 BO 

10- 14 02 

14 -16 02 

16-18 02 

18-20 02 

-- --
0-4 BO 

0-4 BO 

4-8 BO 

14- 18 co 
22-26 02 

28 -30 02 

34 36 D2 

·-8 BO 

1' 18 co 

03n8/96 
Project No. 0100.50.10 

Constituents 

Sarno led 

SSPL MSIMSD 

VOCs, SVOC METALS 

GTP TOC 

SSPL, MS/MSD 

VDC• 

VOCs 

GTP TOC 

VOCs'" RIN 

SSPL 

voc. SYOC METALS 

GTP TOC 

SSPL 

voc. 
VDC• 

GTP, TOC 

VOCs 

voc. 
GTP TOC 

RIN vocs• 
SSPL 

VOCs (ETI 

voc. 
SSPL 

VOCs(En 

SSPL 

SSPL 

VDC< 

voc. 
RIN vocs• 

SSPL 

voc. 
VDC• 

RIN vocs• 
SSPL 

GTP, TOC 

SSPL 

VOCs MS/MSD 

RIN vocs• 
SSPL DUP 

HWC 

GTP TOC 

SSPL MS/MSD 

SSPL 

SSPL 

GTP TOC 

VOCs 

voc. 
VOCs* RIN 

SSPL, DUP 

HWC 

SSPL 

SSPL 

SSPL 

VDC• 

voc. 
HWC 

SSPL, MS/MSD 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-9: SUMMARY OF SOIL BORINGS 

Boring I Drilling I Total Sample 

ID Method Denth (ft) Identification 

VE521 HSA 

I 
16.0 VE521 705 275 575-577 

VE521. 705,275,573-575 

VE521,705 275 569-573 

VE52l, 705 ,275 ,561-563 

VE521,705 275 569 5731MSIMSD) 

MWSOJ HSA 52.0 MWSOI ,815 380,593-595 

MW50l 815 380,587-589 

MWS01,815,380 583 585 

MW501 ,815,380,571-573 

MW501 ,815,380,569-571 

MW501.815 380 559 561 

MWSOI 815 380 557-559 

MWSOI 815 380 551-553 

MW502A HSA 34_0 MW502A,530 230 570-572 

MW502A,530,230,556-558 

MW502A,530 230 550-552 

MW503 HSA 30.0 MW503.655 260,569-571 

MW503,655 260 559 561 

MW503,655 260,551-553 

MW505A HSA 26.0 MW505A,855 ,220,561-563 

MWSOSA 855 220 555 557 

MW505A,855,220,551-553 

MW507 HSA 36.0 MW507,1052,200 558-560 

MW507,1052 200 556-558 

MW507, 1052,200,554-556 

MW507,1052,200 553-555 

MW507 1052 200,552-554 

MW507 ,1052,200 551-553 

MW507,1052 200,546-548 

MW507, 1052,200,544-546 

MW507 1052 200 538-540 

MW507 1052 200 534-536 

MW508 HSA 54.0 MW508 868 83 554-556 

MW508 868 83 551 552 

MW508,868,83 ,550-552 

MW508 868 83 544-546 

MW508 868 83 534-536 

NOTES: 
SSPL Site Specific Parameter Ust 
APX IX Appendix IX List of Constituents 
APX IX METALS Appendi:t IX List of Metal Constituents 
VOCs Volatile Organic Compoonds (Method 8240) 
VOCs (ET) VOC Analysis with Lid Sealed with Electrical Tape 
VOCs* Volatile Organic Compounds (Method 8260) 
SVOCs Semi-Volatile Organic Compoonds 
MEr ALS SSPL Metals 
D/F Dioxins and Furans 
PCBs Polychlorinated Biphenyls 
CN C anide 
RAO 
GTP 
TOC 
HWC 

Radionuclides 
Geo!t:ehnkal Properties 
Total Or anic Carbon 
Hazardous Waste Characterization 

HSA Hollow Stem Au er 
ROTO Rotosonic 
PB Punch Borin 
HA Hand Au er 
VZ Vadose Zone Borin 
VZB Vadose Zone Boring (Background) 
VZ9 Vadose Zone Boring (Appendi;t IX) 
LT Lower Till Borin 
VE Vertical E;ttent Borin 
VENZ Combination Vertical E:ttent!Vadose Zone Boring 
DUP Field Du licate Sam le 
RIN Equipment Rinseate Sample 
_MS/MSO Matri:t Spike/Matrix Spike Duplicate Sample 

I 
Sample 

Date 

07127195 

07127195 

07127/95 

07127/95 

07/27/95 

03fl5/94 

03115194 

03115194 

03/15/94 

03115/94 

03/15194 

03!15/94 

03/15/94 

03n!/94 

OJn!/94 

03121194 

03121/94 

03121194 

03!21194 

03122/94 

03!22194 

03/22/94 

06/13/95 

06{13/95 

06!13/95 

06114/95 

06/13/95 

06/14/95 

06114/95 

06/14/95 

06/14/95 

06/14/95 

06/19/95 

06fl5f95 

06/15/95 

06115/95 

06116195 

I 

Sample Geologic 
Denth (ft\ Unit 

0- 2 AO 

2-4 02 

4-8 D2 

14-16 02 

4- 8 02 

8 10 Cl 

12- 14 co 
16 -IS co 
32 34 02 

34-36 02 

44-46 02 

46-48 02 

50- 52 03 

8- 10 D2 

22-24 02 

28-30 03 

8-10 02 

18-20 02 

26- 28 D3 

9- II D2 

15- 17 D2 

19 21 D3 

10- 12 02 

12- 14 02 

14- 16 02 

" 17 D2 

16 18 02 

17- 19 02 

22 24 03 

24-26 03 

30-32 EO 

34-36 EO 

32-34 co 
36-37 03 

36-38 03 

42-44 03 

52-54 EO 

GEO! QG!C J !NITS 

AO 0~2Feet 

BO Fill 
CO U Till Unit 
C1 U Till Sand Seams 
Dl U r Sand Unir 
D2 Lacustrine Unit 
03 Lower Cia Unit 
04 Lower Sand Zone 
05 Lacustrine 2 Zone 

Lower Till Unit 
Lacustrine 3 Zone 

03128/96 

Project No. 0100.50.10 

Constituents 
Samnled 

VOCs 

VDC> 

SSPL 

voc. 
SSPL MS/MSD 

GfP TOC 

GTP 

TOC 

TOC 

GTP 

TOC 

GTP 

GTP TCC 

GTP TOC 

GTP, roc 
GTP TCC 

GTP TOC 

GrP TOC 

GTP TCC 

GTP, TOC 

GTP, TOC 

GTP TOC 

GTP 

TDC 

roc 
GTP roc 

GTP 

GTP TDC 

TOC 

GTP 

TOC 

GTP 

GTP TOC 

GTP 

TDC 

GfP,TOC 

GTP TOC 

EO 
El 
fl 
F2 

Norwood Trough. Sand and Gravel Unit- Upper Non Saturated Zone 
Norwood Trough. Sand and Gravel Unit Lower Saturated Zone 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2~10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

~ I ~'l!"~e I ~am(!:I~!-U. I r!![£!Dii: ~~&!jD I i:!BDIIJilDI: r..noeo I JDJl!l 

BACKGROUND WELLS 

MWI I MWl-022494 02/24194 02/24/94 >200(p} 

"' MWl-012794 CY7/26/94 07128/94 >200(p) 

IV MWJ-110794 11107/94 11110/94 6.2 (p) 

20.2 (dff) 

20.2 (m) 

VI MWI-031495 03/14/95 03/21/95 >20Q_ful_ 

56.6 dffl 

28.4 i!!ll_ 

VII MWI-061395 06!12!95 06116195 21.2 (o' 

12,8 (dlf) 

56.1 (m) 

MW2 "' MW2-072894 01!26194 ffl/28/94 >200 

IV lvlW2-111094 11/10/94 ll/11194 ll2 

99.4 (d/0 

82.8 m 

VI MWZ-031495 03/14/95 03115195 26.1 Col 

6.1 (dlf) 

1.8 Cm) 

VII MW2-061395 06113195 06113195 7.9 Col 

5.3/6.9 (d/f) 

8.0(m\ 

MWII I MWll-022294 02/Zl/94 02n2/94 >200 (p) 

"' MW!l-072594 07f25194 07125/94 22.1 (p) 

IV MWII·I10894 11108194 11108/94 19.4 {p) 

21.8 dtfl 

21.8 (m) 

VI MW!l-031495 03/14195 03!14/95 12.0 

11.2 (d/0 

7.2 ml 

5.31m\ 

MWllC I MWIIC-()22294 02122194 02/22194 6.3 (pl 

Ill MW11C-072594 07n5194 07125194 8.2 Col 

IV MWIIC-110894 11108194 11/08/94 2.11o\ 

2.1 (d/fl 

2.1 (m) 

VI MWIIC-031495 03114/95 03/14195 5.llo\ 

7.21dl0 

5.31m\ 

96-5115.WK4\HYM 

I UCVJg I u::a•1 I U!J'{ 

Bailer 4.5 Y<> 

Bailer 3.8 y., 

Pump (p) 2.5 y., 

Pump (p) 5.0 Y<> 

Pump (p) 4.0 y., 

Balier 4.0 Y<> 

Pump (e) 4.3 y., 

Pump {e) 3.5 Y<> 

Pump (e) 4.3 Y<> 

Pump (e) 7.5 No 

Pump (e) 6.8 No 

Pump {e) 6.0 No 

Pump (e) 6.0 No 

PumP Cel 18.0 No 

Pumo Cel 9.0 No 

Pump (e) 9.0 No 

Pump (e) 9.0 No 

I ~ami!Jeo 

TID Metals 

SSPL w/o SVOCs PCBs· Rad 

SSPL, w/o SVOCs, PCBs, CN; Rad, D/F (f) 

SSPL,w/o SVOCs, PCBs, CN; D/F (0 

D!F, TID Metals 

SSPL Rad 

SSPL w/o SVOC, PCBs, CN; Rad, D/F (t) 

SSPL wlo SVOCs, PCBs, CN; DIF {f) 

0/F, TID Metals 

TID Metals 

SSPL Rad 

SSPL wlo SVOCs, PCBS, CN; Rad 

SSPL, wlo SVOCs, PCBs, CN; MStM:SD 

TfD Metals 

SSPL Rad MSfMSD 

SSPL wlo SVOCs, PCBs, CN, RB·l 

SSPL w/o SVOCs, PCBs, CN; MS/MSD 

' 

04/12/96 

Project No. 0100.50.!0 

Ju<>rnlQreo 

Ct 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-10: CUMULATlVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

We.!!J.p. -_L I 
Date """ Turbidity 

Ph!!se Sample I D. """""'"""- S•m•'•• Eod•d lntu) 

MW21A I-- "' MW21A-072694 07/26194 07/26/94 73.0 (pl_ 

IV MW2JA-111094 11110/94 11/10/94 39.0 (p)_ 

28.1 d!f) 

14.6 lm) 

VI MW21A-031595 03!15/95 03116/95 18.6 

21.4 (d/t) 

14.9(m) 

VII MW21A-()61495 06114195 06{14195 2.6lol 

3 5(m) 

MW25 "' MW25-072595 07115194 07125194 2.6 (p) 

IV MW25-110894 11108194 11/08/94 2 9 (p) 

3.61d/Q 

3.§_(_,)_ 

VI MW25-031595 03115195 03115/95 1.5 (p) 

2,0 (dlt) 

L8(m) 

VII MW15·061495 06114195 06/14/95 16 (p) 

1.5 rml 

MW25A I MW25A..()22294 02n2194 02n2194 9.6 (p) 

f-------- MW25A.o41294 04/12194 04/12/94 NT 

Ill MW25A-072595 01125195 01125195 4.3 (p) 

IV MW25A-Il0894 I 1108194 11108/94 6.1 (pJ 

7.2 fd/fJ 

7.2 m 

VI MW25A-031595 03115195 03/15/95 6.5 (o) 

l3.8 idffl 

6/8 m 

MW29 Ill MW29-072594 07/25/94 07/25194 17.8 fnl 

IV MW29-Il 0894 11108194 11108194 5.7 fn) 

5.4 dlfJ 

5.4(m) 

VI MW29-031595 03115/95 03/15/95 36.5 (p) 

13.1 d/0 

l0.4fml 

96-5115.WK4\HYM 

Sample Purge Volume Purged 

O.rl~ (eall Dnl 

Bailer 1.1 No 

Pump (e) 1.8 No 

Pump (p) 1.2 v .. 

Pump (e) 1.5 No 

Pump (o;: 8.5 No 

Pump (e) 6.0 No 

Pump (e) 6.5 No 

Pump (e) 4.5 No 

"'mp (•) 10.0 No 

Pump (e) 75 No 

Pump (c) ] 1.0 No 

Pump (e) 7.0 No 

Pump (e) 6.6 No 

Pumn (e) 12.0 No 

Pump (e) 7.5 No 

Pump (e) 4.5 No 

Constituents 

Sam led 

SSPL Rad 

SSPL w/o SVOCs, PCBs, CN; Rad, D/F (f) 

SSPL w/o SVOCs, PCBs, CN; D/f (f) 

TID Metals 

SSPL Rad 

SSPLw/o SVOCs, PCBs, CN; Rad, MS/MSD 

SSPL w/o SVOCs, PCBs, CN 

------
TID Metal& 

TID Metals 

Rod 

SSPL Rad 

SSPL w/o SVOCs, PCBs, CN; Rad 

SSPLw/o SYOCs, PCBs, CN; VOCs (ET} 

SSPL Rad 

SSPL 

SSPL 

I 

04112196 

Project No. 0!00.50. 10 

Uwt 

Monlto!];d 

Dl 

CJ 

Dt 

Di 
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EM Science RIIFS 
Cincinnati, Ohio 

TABLE 2~10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Date ""' Turbidity 

Well J.D. Pbase Samolei.D. Pur inl! Bel!3n Samplin.Jr: Ended '""" 
MW44 I MW44-022494 02/24194 02/24194 18.9 {p) 

1-------- MW44-041394 04113/94 04/13194 NT 

Ill MW44-072694 07126/94 07126194 21.1 (p) 

IV MW44-111294 11112/94 11112194 S0.9(o-ll 

259(d/O 

25,9{m) 

VI MW44-032295 03/22/95 03/22/95 24.9 (p) 

18.4 (dlt) 

11.31m 

ON-PROPF.RTY WELtS 

MW4 I MW4..022394 02/23/94 02/23/94 8.5 In\ 

MW4..Q41394 04/13/94 04f13/94 16.9 (p) 

Ill MW4-072794 07127194 07/27/94 30.6 In\ 

IV MW4-111094 11110/94 llfl0/94 6.61ol 

4.7 dlfl 

4.7 lm 

VI MW4..0316/95 03116195 03116195 21.4 (p) 

9.7 (dfl) 

5.6 (m) 

MW5 Ill MW5..072994 07129194 08/01/94 8\.6 (p) 

IV MWS-111194 11/llf94 llf14/94 10.7 (p) 

17.5 ld/fl 

4.4 (m) 

VI MW5-0321/95 03/21f95 03/21/95 38.4 (p) 

25.8 (dffl 

12.5 (ml. 

MW6 Ill MW6-072994 07128/94 07/28194 >200(p) 

IV MW6-110794 11107/94 llfl4194 >200(p) 

9.72 (d/fJ 

17.\IJ!n_l_ 

VI MW6..Q32:Z95 03121195 03/28/95 14.0 :ol 

4.3 (m) 

MW8 Ill MW8-080194 08/10/94 08/01194 9.4 lol 

IV MW8-lll194 11111194 llfllf94 18.6 (p) 

17.6 (d/f) 

17.6(m) 

VI MW8..Q32395 03122/95 03122195 11.2 (p) 

9.0 (d/0 

19.2 (m) 

VII MWS-061595 06115195 06/15/95 21.1 (p) 

96"5ll5.WK4\HYM 

·.~ .. >iv, 

Sample Purge Volume """'' 
-~ '"I Dn? 

fumo (<) 16.0 No 

Pump (e) 13.8 No 

fumo (•) 17.0 No 

Pump (e) 38.0 No 

Pump (c) 14.0 No 

Pumn lel 60 No 

fumo (•) 33 No 

Pump (e) 3.0 No 

Pump (e) 3.0 No 

Pump (c) 7.0 No 

Bailer 6.0 No 

Pump (e) 3.8 y., 

Pump (e) 4.0 y., 

Baller 0.6 y., 

Pump (p) 03 y., 

Pump (p) 0.8 y~ 

Pump (e' 3.3 y., 

Pump (e) 5.0 y., 

Pump (e) 3.0 y., 

Pumo (e) 5.0 y., 

Constituents 

Sampled 

TfDMetals 

R•d 

SSPL Rad 

SSPL. w/o SVOCs, PCBs, CN; Rad, VOCs (~l) 

SSPL w/o SVOCs, PCBs, CN; D/F (f) 

A endix IX Rad Du 

R•d 

voc. 
SSPt, MSIMSD 

SSPL 

SSPL Rad DIF (f) 

SSPL, Rad, DIF (f) 

SSPL w/o SVOC~. PCBs, CN 

VOCs MSIMSD 

SSPL w/o CN; MS/MSD 

TID Metal~ 

SSPL 

SSPL 

SSPL 

voc --

·--

04112/96 
Project No. 0100 50.10 

Unit 

MonitQn.!l. 

03 

BO 

Cl 

BO 

D2 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

I 
Date "'" 

Welli.D. Ph= SamleiD " • • Samnlin Ended 

MWO I MW9-022394 rnm/94 02{25194 

___ Ill MW9-072894 IJ7n1194 07128194 

IV MW9-111194 llt\l/94 11114/94 

------· 
VI MW9-032895 03124195 03/30195 

. 

Vlf MW9-%1795 06!17/95 06117/95 

MW11 If I MWIZ-072894 07f27f94 IJ7n9194 

IV MW12-111194 11/11194 11/14194 

-------· 
VI MW12-03229S 03!21!95 03!22!95 

MW\3 Ill MWI3-IJ72894 07!28194 07!28/94 

IV MWIJ-111494 11/14/94 11114/94 

-

VI MWI3-032195 03!21/95 03121{95 

-· 
Vlf MWI3-06159S 06115195 06!\S/95 

MW14 I MW\4-022394 02!22!94 03/01194 

MW\4--o41294 04!12194 04/19194 

MW14-05\894 05117194 05124!94 

Ill MW 14-072894 IJ7f28/94 08105194 

IV MW\4-110794 ll/IJl/94 lli!S/94 

--· 
VI MW\4-032495 03/23/95 03!30195 

Vlf MW!4--06\395 06112195 06/\4/95 

96-5115 WK4\11YM 

''-)1>)0 

Turbidity Sample l'w'ge Volume 

fntu n. '••I 

129.0fp) Pu 'fel 2.3 

>200 (nl "' , ,,, 2.0 

164,Hnl Pump (e) 3 0 

90(df0 

90(m)_ 

186.9 (p)- Pump (e) 1.5 

86.3 (dff) 

87.6(m) 

143 (p) Pump (e) 3.5 

75 (dff)_ 

75.8 m 

23.0 lol Pu D (e) 1.3 

1Lllol Pump (e) 1.0 

3.4 d/1) 

7.6(m) 

39.6 {p) Pump (e) 1.0 

11.2 m 

>200 (p) Bailer 4.0 

16.8 (D) Pump (p) 3.0 

15\.7 (dlf) 

8l.O(m) 

2.7 (p) Pump (p) 25 

32,7 (d/1) 

17.!_fu!L 

2.0 (p)__ Pump (p) 3.0 

2.4fill0 

2.0 fm) 

187,0 (p) Bailer 0.3 

>100 (p) Bailer 0.3 

123 (p) Bailer 0.3 

>200(p)_ Bailer 0.8 

:>:ZOO(p}_ Bailer 0.4 

:>200 (d/fl 

:>200fml 

>200 {p) Pump (pi!) 0.5 

25.6 d/0 

47,2(m) 

55.5' Pump (pis) 0.5 

27.6n7.2 d/0 

8.5 fml 

""""' "-' 
v .. 
v .. 
y., 

y., 

Yo> 

y., 

Yo> 

Yo< 

No 

No 

No 

No 

y., 

y., 

Yo< 
y,. 

y,. 

y., 

Yo< 

Constituents 

sam led 

Art ndix IX Rad 

voc. 
SSPL, Dup 

SSPL 

D/F, TID Metals 

SSPL Rad D/F (f) 

SSPL 

TIP Metals 

SSPL Rad DIF (f), Dup 

SSPL, Rad 

SSPL. DIF (f) 

DIF, TID Metals, Dup 

R.r ... ... 
SSPL DIF (f) 

SSPL, OfF (f) 

SSPL w/o SVOCs, PCBs, CN; D/F (f) 

0/F, TiD Metals 

--

!0103/96 

Project Nu 0!00.50. !0 

Unit 

_Mgnit red 

ao 

BO 

Cl 

01 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2~10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Date o ... Tur-bidity 

Well I.D. Phase Sam 1•1.0_ Pur- 'o B an s 'n Ended "'"' 
MW15 I MW15..Q22394 (f]./21194 (f]./28/94 :>200 (o' 

MW\5-041294 04/12/94 04/18/94 >200 

MW15"051894 05/17/94 05119194 104.0 

Ill MW\5"072894 07128194 07/28/94 >200 Co: 

IV MW\5-111195 llfll/94 11121!94 :>200 (D) 

()9_2(d/f) 

99.2 {d/f) 

VI MW15-032395 03/22/95 03129/95 17.3 (p) 

21.8 (d/0 

26.0(m) 

VII MW15--061295 06/12/95 06113/95 15.2 (p) 

10.916.8 (d/0 

3.7(ml 

MW15B Ill MW15B-080194 08/0i/94 08/01194 80.9 (p) 

IV MW15B-111294 l!fll/94 11114194 24.4 (p) 

98(d!O 

-· 
9.8 (d/0 

VI MW15B-032395 03122f9S 03/23/95 75.2 (p) 

15.0 din 

25.9 m 

VII WISB--061595 06115195 06/15/95- 101.0 

MWI6 Ill MW16--073094 07/30/94 08/(f]./94 62.0 (p) 

IV MW16-lll294 11112!94 11115194 2301o\ 

11.3 (d/fl 

8.1 (m) 

VI MW16--032495 03/23/95 03128/95 13.3 (IJ) 

5.2 (d/f) 

4.0 m 

VII MW 16-061995 06 16/95 06/19/95 16.2 (IJ) 

MW!7 Ill MW17-072694 01126194 07127/94 6.3 (p) 

IV MWl7-111294 11112/94 11115/94 10.8 (p) 

2.0 (d/f) 

2.3 (m) 

VI MW17-032195 03118/95 03/21/95 8. 7"' 

4.3 {d/1) 

3.2 (m) 

VII MW17-061795 0611719~ 06111195 16.0 

96-5ll5.WK4\HYM 

''·):.'<'!! 

Sample Purge Volume """"' "'" I o~• 

Bailer OA y, 

Bailer 0.3 y,. 

Bailer OA y., 

Bailer 0.3 y,. 

Bailer 0.3 y., 

Pump (p) 0.2 y., 

Pump (p) 0.5 y,. 

PumiJ(el 3.0 y., 

Pump (e) 1.5 y., 

Pump (e) 4.0 y., 

"" 6.0 y., 

Pum1 (e' 13 y., 

Pump (e) 1.0 y., 

Pump (e) 1.0 y,. 

""" ,,, 1.0 y 

Pumo (e) 1.5 y., 

Pump (e) 1.0 y" 

Pump {e) 3.0 y., 

fum '"' 
1.3 y" 

Constituent~ 

..... .fu!miOOJ. 

VOCs SVOCs D/F TID Metal> 

R>d .,, 
VOCs 

SSPL w/o CN; DIF (f), MS!MSD 

D/F, D/F (f), TID Metals 

DIF, TID Metals 

SSPL Rad 

SSPL, MSIMSD 

SSPL 

VOCs 

SSPL 0/F (t) 

SSPL 

SSPL, MS/MSD 

VOCs 

SSPL Rad 

SSPL, Dup, VOCs {ET) 

SSPL, MS!MSD 

VOC• 

I 

04/12/96 

Project No. 0100.50.!0 

Uoit 

Monitored 

Dl 

02 

02 

03 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2·10: CUMULATlVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

I 

Date """ Turbidity 

Weiii.O. Pha~e Sam leI 0, p ·u~ Be an Su.nmlli Eo '"'" 
MW18 I MW18-022394 (12/22/94 03/01194 >200(p) 

MWIS-041294 04112194 04113/94 NT 

MW18·051894 05117194 051!8{94 >200 (p) 

"' MWIS-072894 07127194 07127194 >200 (p) 

IV MWIS-110894 11109194 11109194 >200 (p) 

107 (d/0 

>200(m) 

vo MW18-031695 03116195 03122195 108 {p) 

9.9 (d/f) 

10.1 (m) 

VH MW18..o61295 06112195 06fl2f95 34.6 (p) 

13.0n7.0(d/f) 

94 m) 

MW21B "' MW21B·072794 07{26/94 08/(12/94 >200 fo 

IV MW2! B·11 0794 11/07/94 11116195 23.1...{]& 

20.5 (dff) 

20.5 (m) 

VI MW2JB-032095 03115/95 03/2919S l.Oiol 

4.-l(ml 

MW23 I MW23·022394 02/22/94 (12/25/94 35.0 {p) 

IJJ NW23-072894 07128/94 07/28/94 52.2 (p) 

IV MW23·111494 ll/14194 11115/94 54.4 (p) 

\64.2:.{QLf) 

26.~ 

VI MW23-032495 03/23/95 03129!95 84.6 U>l 
25.9 fd/fi 

42.~. 

VII MW23-061495 06114{95 06/16/95 16.3 lo) 

27.8 dlf\ 

12.1 fm 

MW24 IJJ MW24-072894 07127194 08/01/94 82.5 fo) 

IV MW24-110794 11107194 11/09194 7.3 (o) 

32(dl0 

8.4 (m) 

VI MW24-{J32895 03/28195 03/28/95 16.3 (p) 

S,l(m) 

VII MW24-061395 06113/95 061 3195 11.3 (p) 

96-5115.WK4\HYM 

•• -_,,,'f. 

Sample furge VolUIDe Purged 

o.· '"" D'? 

Bailer 0.6 y~ 

Bailer 0.75 v~ 

Bailer 0.5 y, 

Bailer " No 

Bailer " No 

Pump (pis) 0.8 y, 

Pump (pis) 08 y, 

Bailer 1.0 y, 

Pump (p) 1.0 y, 

Pump (p) 0.8 y, 

Pump (e 0.5 y, 

Pump (e) " No 

Pump (c) I 5 y, 

Pump (e) 2.5 y, 

Pump (e) " y~ 

.. ,,, 4.0 y, 

Pump (e) 3.0 y, 

Pump (e) 5.0 y, 

Pum (e) 1.0 Ye< 

Coustitueuts 

Sam led 

Aooendix IX 

R•d 

R•d 

voc, 
SSPL, OfF (f) 

SSPL, D/F (I) 

VOCs, D/F, TID Metals, MSfMSD 

voc, 
VOCs, D/F 

TID Metals 

Aovendix IX Rad 

VOCs 

SSPL 

SSPL, DIF (f) 

VOCs, 0/F, TfD Metals, MSfMSD 

SSPL Rad 

SSPL 

VOCs, TID Metals 

VOCs 

04/12196 
Project No. 0!00.50.10 

Unit 

Mouito 

BO 

Cl 

BO 

D2 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2·10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Date "'" Turbidity 

Well !.D. Pbase Sam lei.D. Pur ·n• Re n Sam lin• F.nde ot 

MW26 I MW26A,Q22494 02!24/94 02124/94 >200 In\ 

Ill MW26A·072694 07/26/94 07126/94 >200 (p) 

IV MW26A-111494 11/!4194 11/14/94 >200(p) 

>200(dlf) 

>200(m) 

VI MW26-031595 03/15/95 03115195 14.4 (p)_ 

15.1 (d/0_ 

ll.Jiml 

VII MW26-06149S 06114/95 06/14/95 12.6 

IL3 ld/0 

10.9(m) 

MW26A I MW26-022494 02/24/94 02/24194 10.0 (p) 

Ill MW26-072694 07126/94 07/26194 10.5 (p) 

IV MW26-ll0994 11109/94 11/09/94 9.4(o) 

5.6(d/Q 

4.3 (m) 

VI MW26A-031495 03114/95 03114195 9.2 (d) 

7.H<lill_ 

6.0 m) 

MW27 [(( MW27-072894 07127/94 08/01/94 >2001n) 

IV MW27-110894 ll/08/94 ll!OS/94 24.4 In\ 

33 ld/0 

65 m 

VI MW27-032895 03/ZS/95 03128/95 5.5(o) 

2.8td/O 

3.1 (m) 

vu MW2Hl61395 06/l3!9S 06113/95 4!.5 (p} 

19.8/14.8 (dft) 

20.6(m) 

MWJO [(( MW30-072794 07/Z7194 07127194 125.0(p) 

IV MWJQ-111494 11111194 11114194 >200 (p) 

88(d/0 

7L9(m) 

Vt MWJQ-032395 03/20/95 03123/95 182.0 (p) 

44.6 (d!O 

3H(m) 

VII MWJ0-061795 06116195 06/17f95 109.0(p) 

22.6 (dft) 

19.4 lm\ 

%-5115.WK4\HYM 

Sample Purge Volume I Purged 

""' .J D 1 

Bailer 6.0 No 

Bailer 6.0 No 

Bailer 7.5 No 

Pump (pis) 15.0 No 

Pump (pis) 6.0 No 

""""''' 15.0 No 

Porno(<) 15.0 No 

Pump (e) 14.5 No 

Pump (e) 4.5 No 

Punn le' 3.3 y~ 

Pump (e) 3 5 y~ 

Pump (e) 3.0 Y<> 

Pump (e) 4.4 Y<> 

"'"" ,,, 5.5 y~ 

Pump (e) 6.0 y~ 

Pump (e) 13,0 y,. 

Pump (e) 8.9 Y<> 

Constitue<~t.s 

S m ed 

T/0 Metals 

SSPL Rad D/F (f) 

SSPL, Rad, 0/F (f) 

SSPL wlo SVOCs, PCBs, CN; DIF (f) 

DIF, TID Metals 

TID Metals 

SSPL Rad 

SSPL w/o SVOCs, PCBs, CN; Rad, VOCs (et) 

SSPL w/o SVOCs, PCBs, CN 

SSPL Rlld 

SSPL, Rad, MSIMSD 

SSPL, MS/MSD 

VOCs, 0/F, TID Metals 

SSPL Rad 0/F (f) 

SSPL, MS/MSO 

SSPL, Dup 

VOCs, DIF, TID Metals, MS!MSD 

I 

04112/96 

Project No. 0100.50.10 

Uolt 

Monitored 

Dt 

D3 

Cl 

05 
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EM Science RifFS 
Cincinnati, Ollio 

TABLE 2-10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Date Date Turbidity 

Welli.D "' 
,, ~ I.D. Pu "o Be an Sam li • Fnded " 

MWJIA Ill MWJIA-072794 f/7127194 07127/94 1.7 

IV MW31A·ll1094 11/10/94 11/10/94 23.4 

27.8 dlfi 

27.8(m) 

VI MWJJA-031695 03/16195 03/17/95 24.2 

14.0(d/0 

1.0fm\ 

VII MWJIA-061795 06117/95 06!17195 6.7 

MWJIB Ill MWJJB..072794 07127/94 07127/94 20.0 lo) 

IV MWJJB-111094 11110194 ll/10/94 8.1 fol 

10,3 (d/f) 

10.3 m 

VI MWJJB-031695 03/16/95 03116195 2.91o> 
-

2.2 d/f) 

4.6 lml 

MW31C Ill MW3! C-072894 07127194 07/29194 >200([1) 

IV MW3JC.J11094 11!10/94 11111194 79.0 (p) 

38.7 {dff) 

33,5 (m) 

VI MWJJC-()31695 03116195 03117/95 36.3 (p) 

15.7 (d/f) 

22.1 (m) 

VII MW31C-061795 06/16/95 06/1919S 115.0 (p) 

25.8 (d/fl 

23.3 m 

MW31D Ill MW310..()72794 07f27194 07fl7/94 10.9 (p) 

IV MW310-111094 11110194 11/10/94 19.5 (p) 

27.9 d/0 

27.9fm) 

VI MW3J D-()31695 03116/95 03/16/95 19.7(11) 

20.3 (dlt) 

16.4(m) 

VI MWJI0-%1795 %!17'9~ 061 719~ 16.5 

96-5ll5.WK4\HYM 

Sample Purge Volume Purged 

~- '• I D ? 

Pum (e) 3.5 No 

Pump (e) 3.0 No 

Pump (e) 3.0 Yo. 

Pum tel 2.4 No ,., ,,, 8.0 No 

Pump (e) so No 

Pump (e) 4.0 No 

P,m ' 3.0 Yo. 

Pump (e) 5.0 Yo. 

Pump (e) 4.0 y" 

Pump (e) 3.3 y" 

P,mp (<) 15.5 No 

Pump (e) 15.0 No 

Pump {e) 15.0 No 

P,m ' 16.0 No 

Constituents 

Sam led 

SSPL, Rad Duo 

SSPL 

SSPL 

VOCs 

SSPL Rad 

SSPL, Dup, MSIMSD 

SSPL 

SSPL Rad 0/F (f). MS!MSD 

SSPL, Rad 

SSPL 

VOQ;, 0/F, T!O Metals, MS/MSD 

SSPL Rad MS/MSD 

SSPL 

SSPL, MS!MSD 

VOCs 

04/12/96 

Project No. 0100.50.10 

Unit 

Monitored 

Dl 

Cl 

02 

04 

Page 8 of 14 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-10' CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Date ""' Turbidity 

Welii.D. Pb ~ Sam le J.D. Pu 'nt: Bee:an SamvUDI! Ended {otul 

MW35 I MWJS-022294 02122194 02122/94 >200 (p) 

"' MW35..072794 07127194 07127/94 8.2 (p) 

IV MW35-1 11194 11/11194 11111/94 30.Q___{N 

35.0 (d/fl 

23.4(m) 

VI MW35-031795 03/17/95 03/17/95 19.6 (p) 

19.7 (dlf) 

14.3 (m) 

VII MW35.001695 06116195 06/16195 84.0 (p) 

76.5 m 

MW41 "' MW41-072694 07126194 07/26!94 2.8{p) 

IV MW4l-111294 Jlf\2194 11112/94 11.4 (p) 

8.9(d/O 

8.9(m) 

Vi MW41-031895 03/18/95 03/18195 1.7(J>L 

1.7.fol!fj 

-
I.Q.f>& 

VII MW41-061995 06/19/95 06/ 9!95 188.0 fo 

MW42 Iii MW42-072694 07126194 07126/94 14.3 (v) 

IV MW42-111294 11112194 11112194 30.0 

33.0 (d/f) 

32.1 (m) 

VI MW42-03\895 03118195" 03118195 9.6(p) 

8.9 {d/0 

19.1 (m) 

vn MW42-06\ 995 06/19/95 061 9/95 >200 fn 

MW43A Iii MW43A-073094 07/28/94 07/30/94 79.!12} 

IV MW43A-111494 11/14/94 11116/94 72.2 (o) 

9.9@1) 

9.9 m 

VI MW43A-032495 03124/95 03124!95 82.5 fo) 

24.5J<Iif) 

20.7 m 

VII MW43A-061395 06!13195 06113195 32.0 lv) 

96-5115,WK4\HYM 

Sample Purge Volume """"' 
"""" -""1 .J>rr1. 

Bailer l.O No 

P,mp{o) 2.3 No 

Pump {e) 1.3 y,. 

Pump (e) 12.0 No 

Pump {e) 1.5 No 

fump {o) 15.5 No 

Pump (e) 12.3 No 

Pump (e) 12.0 No 

fum ' 12.0 No 

Po ' 13.0 No 

Pump (e) 27.0 No 

Pump (c) 13.5 No 

Purn fe\ 13.5 No 

Pull).l1....@_ 6.0 y~ 

Pump (e) 8.5 y~ 

Pump (c) 7.0 y,. 

J>umv(e) 8.0 y., 

Constituents 

Sam led 

App_(':ndix IX 

SSPL Rad MS/MSD 

SSPL. MSIMSD 

SSPL, DIF (f}, MS/MSD 

VOCs, TID Metals, Dup 

·-
SSPL Rad MS/MSD 

SSPL 

SSPL, MS/MSD 

VOCs 

SSPL. Rad 

SSPL 

SSPL, Dup 

VOCs 

SSPL Rad DIF fO 

SSPL, MSIMSD 

SSPL 

VOCs __ -- ·-

04/12/96 

Project No. 0100.50.!0 

Unit 

MoDi ored 

Dl 

Dl 

Dl 

Dl 

-
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2~10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

D'k "''' Turbidity 

Will],D. Ph• Sample l.D. '"'""' ··~· S!~ml!!ln2 Ended ''""~ 
MW51A Ill MWSIA-072894 07128/94 08/07/94 >200Jp) 

IV MWSIA-110994 11/09/94 ll/16194 53.9 (p) 

77.8 (d/f) 

123.~i_m) 

VI MWSIA-032895 03/24/95 03/28!95 36.~) 

12.U!!J) 

VII MWSIA-061395 06113/95 06f!6/95 !76.0 (tl) 

36,8{55.6 (d/0 

12.2 frn 

MW301 Ill MWJOI-072694 07126/94 07!26/94 6.9 (p) 

IV MWJOI-110994 11/09194 11/09/94 0~91P) 

!.1 (d/f} 

1.1 (m) 

VI MWJOJ-03!595 03/15195 03/15/95 L7(p) 

L7(d!O 

LHml 

PI Ill Pl-072994 07129/94 ('f/fl9/94 4,3 {p) 

IV P1-111194 1lll1/94 11111/94 '"'' 3.9 (d/f} 

3.9(ml 

VI Pl-032395 03123/95 03123195 17.3 (p) 

17.6 {d/f) 

16.6 'm) 

VII P1-0613Q5 0611J/Q5 06/13195 3.8 In\ 

,., I]) P5-012894 00127/94 08/18194 >200 ,,, 

IV P5-ll0894 11108/94 11121/94 >20Q{p) 

>200 (dff) 

>200_(rn) 

VI P5-032495 03nJ/95 03/30/95 >20Qjp) 

193.4 d{l) 

138.0 (m) 

VII P5-06J395 06112195 06/14/95 111.0 fn' 

159/166 {d!fl 

--- ~-- - ~-- ··~~ - -- ---- - 14~JUrn) 

96-5115.WK4\HYM 

Sample Purge Volume Purged 

""'" ol """ 
Pump (e)_ 2.4 No 

Pump (e) 2.1 No 

Pump (e) 1.5 YO> 

Pump (e) 3.5 y,. 

''""" ,,, 7.0 No 

Pump (e) 6.0 No 

Pump (e) 6.0 No 

''"'""' 3.0 No 

Pump (e) J.O No 

Pump (e) 2.3 No 

fum • 4.0 No 

Bailer OJ YO> 

Bailer 0.3 y., 

Pump (pis) 0.5 y., 

Pump (pis) O.J y., 

~ 

Constituents 

Sam pi_~ 

SSPL Rad MSfMSD 

SSPL 

VOCs, TfD Metals 

VOCs, DIF, TID Metals 

SSPL Rad 

SSPL, MS/MSD 

SSPL 

SSPL Rad Dup, MS/MSD 

SSPL, D/F (!) 

SSPL, Dup, MSIMSD 

VOC> 

SSPL Rad 

SSPL wlo CN; Rad, DIF (!) 

SSPL wlo SVOCs, PCBs, CN; MSIMSD 

VOCs, DIF, TID Metals 

I 

04/12/96 

Project No. 0!00,50. 10 

Unit 

Monitored 

Cl 

Cl 

Dl 

Dl 

Page l0ofl4 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-10' CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

I 

Date Date Turbidity 

Well J.D. Phase Sample In. ~ 'n Be an <iam lin•~<'uded (ntu) 

P6 I ?6-022394 02nJt94 02123/94 NT 

r-----------11( P6-012894 07/28/94 07128194 1.7 (p) 

IV P6-lll594 11{15/94 11115194 13.6 (p) 

14.7 {dlf) 

14.7 (m 

VI P6-031795 03/17/95 031l1f95 9.0 (d) 

148.0 d/f\ 

1.8 m 

VII P6-061995 061 9/95 06119195 22.2 (o) 

OUTFALL I Outfall WR-022294 02/22194 02n2194 NA 

IV Outfall WR-111094 11/10194 11110194 NA 

VI Outfall WR-031595 03115195 03115/ 5 NA 

OFF-PROPERTY WELLS 

MW19A Ill MW19A-Q72694 01126194 07128/94 90.0 (p) 

IV MW\9A-110794 11107/94 11/09/94 16.6 (p) 

1!.3 (d/0 

13,8 (m)_ 

VI MW!9A-Q31795 03/16/95 03/17/95 49.0 

(3.5 (d/0 

4.4 (m) 

VII MW\9A.{)6J295 06112195 06 12195 '-""' 
MW!9B Ill MW\98-072694 07n6/94 07n9/94 11.0 (p) 

IV MW\98-110894 11/07/94 11/10/94 2.3(p) 

9.3 (d/Q 

16.6(m) 

VI MW 198-031795 03116/95 03120/95 5.5 (p). 

4,2 d/0 

3.7(m) 

VII MW\98-06\295 06112/95_ 06112~5 5.9 (p) 

MW20A VI MW OA-031495 03!14/ 03 I 5 "'' 
MW20B JJI MW20B-()72794 07126/94 07n8194 55.0 

IV MW20B-111094 11108194 11110/94 17.8 (p) 

11.3 ld/fl 

I0/7(m) 

VC MWZOB-03\495 03/14195 03/16/95 16.6 (p) 

18.1 (dlfl 

19.9 m 

VII MW20B-061395 06113195 061(3195 446Co) 

96-5115,WK4\HYM 

S,lllllple Purge Volume Purged 

~- _j"" On? 

Pump (e) 10,5 No 

Pump (e) NA No 

Pump (e) 9.0 No 

Pump (e) 6.9 No 

Pumo (e) 16.0 No 

NA NA NA 

NA NA NA 

NA NA NA 

Pump (e 18 y, 

Pump (p) 3.1 Y<> 

Pump (p) 30 y., 

Pumn In) 3.5 y, 

P;;mp (<) 2.0 y, 

Pump (e) 3.5 y, 

Pump (e) 2.6 y., 

Pump (e) 2.8 y, 

Bailer 0.1 y, 

"' lo\ 2.0 y., 

Pump (e) 4.0 y, 

Pump (e) 3.8 y., 

l';;mo (<) 3.8 y, 

Constituents 

Sam vied __ 

Appendix IX MS/MSD 

VOCs 

SSPL, VOCs (ET) 

. 
SSPL 

voc~ 

Appendix IX Rad 

SSPL w/o D Melllh 

SSPL 

SSPL Rad 

SSPL 

SSPL 

VOCs 

SSPL Rad 

SSPL 

SSPL 

VOC; 

VOCs SVOCs ' D 

SSPL Rad 

SSPL 

SSPL 

VOCs 

04/l2/96 

Project No, 0100.50.10 

Unit 

MonlJ!Lr:OO 

03 

NA 

02 

02 

D2 

02 

Pagellof\4 



EM Science RifFS 
Cincinnati, Ohio 

TABLE 2·10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Oat~ .... Turbidity 

Well J.D. Pb~ Sam lei.D. Pu l?iue: Bee:an Samolin2 Ended ,,,., 
MW502A III MW502A-072694 07/26/94 f17/29/94 ?2.0(p) 

IV MW502A-ll0894 11107194 11/08/94 9.9(p) 

17.7 (dft) 

17.7(m) 

Vi MW502A-031495 03/14195 03/16/95 81.3 (p) 

9.4 (d/Q 

12.0 m 

Vll MWSOZA-061395 06f13/95 06/13/95 8.51o\ 

MW502B III MW502B-072794 07/26/94 01128194 73.0 (o) 

iV MW502B·I10894 11!07/94 11/08/94 6.9 iol 

17.8 (d!f) 

17.8 (m) 

Vi MW502B..()31495 03/14/95 03{17/95 160.0 (p) 

13.7 (dlf) 

18.2 {m) 

Vll MW~OZB-061395 06113195 06!13195 28.2 

MW50J 111 MW503-072694 01/26{94 07/28{94 24.0(o) 

IV MW503-JJ0894 11107/94 11f10f94 16,2 (p). 

5.7 (d/t) 

16.3 m 

Vi MW503-Q31795 03/16/95 03/2l/95 7.6 (o) 

8,0 (dlf) 

10.8(m 

Vll MW503-()61495 06113/95 06115/95 8.5 (o) 

24,4 d/0 

8.1 rm 

MW504 111 MW504.072894 071'21194 08/00194 15.8 (o) 

1V MW50HJ0994 11/08/94 llfl6/94 17,9 (o) 

89,8 (d/fl 

11.7(m) 

Vi MW504-Q31695 03/14/95 03/24/95 119.0 (p) 

57.6 (dlf} 

47.8 (m) 

Vll MW50Hl61'295 06/12/95 06115195 1'2.5 (p) 

35.5 (d/1) 

-----~ 

10.6 m 

96-5115.WK4\HYM 

Satnple Purge Vo!Ullle Purged 

Do- '"' Dn? 

P,mp(o) 3.5 Yes 

Pump (e) 2.i Yo< 

Pump (e) 4.0 y,. 

PumD I e) 4.0 No 

Pu J (e) 50 y,. 

Pump (e) 6.5 y,. 

Pump (e) 5.0 Yo. 

Pum le) 3.8 y,. 

Pump (e) 2.0 y,. 

Pump {e) 2.2 y,. 

Pump {e) 2.8 Yo. 

Pump (e) 2.5 y,. 

P,m>l'l 0.5 y,_ 

Pump (p) O.i y,. 

Pump (p) O.i y" 

Pump (p) 0.1 y,. 

Constituents 

Sampled 

SSPL Rad D/F (!) 

SSPL 

SSPL 

VOCs Du 

SSPL Rad 

SSPL 

SSPL 

oc, 

SSPL Rad 

SSPL. Rad 

SSPL 

VOCs, D/F, T/D Metal~, Dup 

SSPL 

SSPL 

SSPL 

VOCs, 0/F, TID Metals 

~----- -----

--

04112/96 

Project No. 0100.50.!0 

Unit 

Mo1!U9red 

D2 

D2 

D2 

BO 

Page 1'2 of 14 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-10; CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Well 1.0 J c·- I 
Date "'" Turbidity 

Pha~e Saml!le I~ P reine Be.e:an Samollne Ended '"'"' 
MW505A III MW505A-072694 07n6194 07127194 5 6fol 

IV MW505A-110894 11/08194 11110/94 18.8 (p) 

17.3 (dff} 

17.3 (m) 

VI MWSOSA-031695 03114195 03117195 9.7fol 

18.2 (dff) 

22.5 (m} 

VII MWSOSA-061495 06/14195 06114195 46.Q_~L 

56.3 (diD 

17.1 lm) 

MW505B Ill MWSOSB-072794 07126194 07127194 15.0 

IV MWSOSB-111094 11/08194 llfl0f94 15.5 lol 

17.4 (dff) 

13.3 ml 

VI MWSOSB-031695 03/16/95 03/17195 44.9 lol 

18.0 d/0 

11.9(m) 

VII MW505B-o61595 06114/95 06/15195 >200 (D) 

56.3116.9 d/0 

18.3 (m 

MW506 Ill MW506-072894 (J]/27/94 08/02/94 78.0 (D) 

IV MW506-111094 11108194 tlfl4/94 169.8 (D) 

162.5 (dlf) 

112.2 (m) 

VI MW506-031495 03/14/95 03/22195 46 Slo) 

66.4 wn 
43.5 (m) 

VII MW506-o61295 06/12/95 06/16/95 >200 (p) 

33.5126.6 (d!f) 

W.7 m 

MW507 VII MW507-o62895 06/28195 06!28/95 12.9 {p) 

4.3 d/fl 

4.3 

MWSOS VII MW508..Q62895 06/28195 06128/95 IS.! (D) 

9.6 (dfl) 

13.1 m 

SEEP 1 SEEPWR-022294 02/22/94 02/25194 NA 

IV SEEPWR-110894 11108/94 11109/94 NA 

VI SEEPWR-O).:U\1~- 03113/2i____ Q_3ru.l2i___ NA 

96-5115.WK4\HYM 

Sample Putge Volume I Purged 

"'"w (~:all Do1 

Porno I<) 5.5 y" 
Pump (e) 4.5 y" 

Pump (e) 5.5 Ye. 

Pump (e) 3.5 Y<' 

"' {o) 5.0 y" 

Pump (e) 6.0 y" 

Pump (e) 5.8 Y<> 

Pump (p) 6.0 y" 

PumD (D) 0.5 Y<' 

Pump (p) 0.4 y., 

Pump (p) 0.4 Yo< 

Pump (p) OA Y<' 

Pump {pis) 3.1 No 

Pump {pis) 14 No 

1.001< NA NA 

Lrull< NA NA 

Pum!,! fu) NA NA 

I Constituents 

Sam[!l~d 

SSPL Rad 

SSPL 

SSPL 

VOCs, 0/F, TfO Metals, MSIM:SD 

SSP R.J 

SSPL, Rad 

SSPL 

VOCs, 0/F, TID Melllls, MSIMSD 

SSPL 

SSPL, Rad, 0/F (!) 

SSPL, D/F (!) 

VOCs, 0/F, TID Metals 

SSPL w/p PCB;, CN 

SSPL w/P PCBs, CN 

R•d 

SSPL 

SSPL /p D Metals 

I 

04/!2!96 

Project No. 0100.50.10 

Unit 

Moqi!ored 

D2 

D2 

BO 

D2 

D2 

D2 
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EM Science RI!FS 
Cincinnati, Ohio 

TABLE 2~10: CUMULATIVE SUMMARY OF GROUND WATER SAMPLING EVENTS 

Welii.D I "' . 
SEWER A Ill 

IV 

VI 

SEWER C Ill 

IV 

VI 

VII 

NOTES: 
Pump (p)- Peristaltic Pump 
Pump (e) - Electric Pump 

Pump {pis) - Piston Pump 
(p)- Purge Turbidity 

(dlf) - Dio:<:in/Furan Turbidity 
(m)- Metals Turbidity 
NT- Not Tested 
NA • Not Applicable 

96-5115.WK4\HYM 

Date """ Sam lei.D. Pu ·n Be Sam Hn~Vnd d 

SEWER A-080294 08!20/94 08/02194 

SEWERA-111794 11117/94 1lfl7/94 

SEWERA-032295 03n2195 03!22/QS 

SEWERC..080294 08/20/94 08/02194 

SEWERC-111794 11/17/94 11/17/94 

SEWERC-032295 03!22!95 03/22/95 

SEWERC-062195 06/21!95 06/21!95 

VOCs ·Volatile Organic Compounds 

VOCs {ET) • VOCs, Sample container sealed with electrical tape 

SVOCs- Semi-Volatile Organic Compounds 

PCBs • Polychlorinated Biphenyls 

Rad - Radionuclide 
CN- Cyanide 
SSPL ·Site Specific Parameter List Constituents 

Turbidity 

"'' 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

TID- Totalmissolved Metals 
D Metals- Dissolved Metals 

Dup - Duplicate Sample 

Sample 

""~ 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

MS/MSD • Matrix Spik:e/Matri~ Spike Duplicate 

Purge Volume Purged 

'I Dn1 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

Constituents 

s '"''' 
SSPL w/o 0-Metal~· Rad MS/MSD 

SSPL w/o 0, Metals· MS/MSD 

SSPL w/o D Metals 

SSPLw/o 0 Metals· Rad MS/MSO 

VOCs 

SSPL w/o D Metals 

VOCs 

04/12/96 

Project No. 0100.50,10 

Unit 

MQnitored 

so 

--
" 
so 

Page 14ofl4 



EM Science RIIFS 
Cincinnati. Ohio 

TABLE 2-12: SITE SPECIFIC PARAMETER LIST (SSPL) CONSTITUENTS 

Volatile Organic Compounds CAS Number 

1 1 1 2 TETRACHLOROETHANE ''' ! 630 20 6 - -

1,1,1-TRICHLOROETHANE 71-55 6 

I, 1 ,2,2 1ETR.A.CHLOROETIIANE 79-34-5 

1,1,2-TRICHLOROETHANE 79 00-5 

1,1-DICHLOROETHANE 75 34-3 

1,1-DICHLOROETHENE 75-34-3 

1,2,3-TRICHLOROPROPANE 96-18-4 

1,2-DIBROM0-3 CHLOROPROPANE 96-12-8 

1,2-D!BROMOETHANE 106-93 4 

1,2-DICHLOROETHANE 107~-2 

1,2-DICHLOROETHENE, TOTAL 540-59-0 

1,2 DICHLOROPROPANE 78-87-5 

1,4-DIOXANE 123-91 1 

2BUTANONE 78-93-3 

2-CHLOR0-1,3-BUTADIENE 126-99-8 

2HEXANONE 591 78-6 

3-CHLOR0-1-PROPENE 107-05-1 

4-METHYL-2-PENTANONE 108-10 1 

ACETONE 67-64-1 

ACETONITRILE 75-05-8 

ACROLEIN 107-02 8 

ACRYLONITRILE 107-13 1 

BENZENE 71-43-2 

BROMODICHLOROMETHANE 75-27-4 

BROMOFORM 75-25-2 

BROMOMETHANE 74-83-9 

CARBON DISULFIDE 75-15-0 

CARBON TETRACHLORIDE 56-23-5 

CHLOROBENZENE 108-90-7 

CHLORODIBROMOMETHANE 124-48-1 

CHLOROETHANE 75-00-3 

CHLOROFORM 67-66-3 

CHLOROMETHANE 74-87-3 

CIS-1,3-DICHLOROPROPENE 10061-01-5 

DIBROMOMETHANE 74-95-3 

DICHLORODIFLUOROMETHANE 75-71-8 

ETIIYL METHACRYLATE 97-63-2 

ETHYLBENZENE 100-41-4 

IODOMETHANE 74-88-4 

ISOBUTYL ALCOHOL 78-83 1 

METHACRYLONITRILE 126-98-7 

METHYL METHACRYLATE 80-62 6 

METHYLENE CHLORIDE 75-09-2 

PROPIONITRILE 107-12-0 

96-5117.WK4\HYM 

03128/96 
Project No. 0100.50.10 

Page 1 of 5 



EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-12: SITE SPECIFIC PARAMETER LIST (SSPL) CONSTITUENTS 

Volatile Organic Compounds (cont) CAS Number 

STYRENE 100-42-5 

TETRACHLCROETHENE 127-18-4 

TOLUENE 108-88-3 

TRANS-1,3-DICHLOROPROPENE 10061-02-6 

TRANS-1,4-DICHLOR0-2-BUTENE 110-57-6 

TRICHLOROETHENE 79-01-6 

TRICHLOROFLUOROMETHANE 75-69-4 

VINYL ACETATE 108-05-4 

VINYL CHLORIDE 75-01-4 

XYLENES, TOTAL 1330-20-7 

Semi-Volatile Organic Compounds CAS Number 

2,3,4,6-TETRACHLOROPHENOL 58-90-2 

2,4,5-TRICHLOROPHENOL 95-95-4 

2,4,6-TRICHLOROPHENOL 88-06-2 

2,4-DICHLOROPHENOL 120-83-2 

2,4-DIMETHYLPHENOL 105-67-9 

2,4-DINITROPHENOL 51-28-5 

2,6-DICHLOROPHENOL 87-65-0 

2-CHLOROPHENOL 95-57-8 

2-METHYLPHENOL 95-48-7 

2-NITROPHENOL 88-75-5 

3-METHYLPHENOL 108-39-4 

4,6-DINITR0-2-METHYLPHENOL 534-52-1 

4-CHLOR0-3-METHYLPHENOL 59-50-7 

4-METHYLPHENOL 106-44-5 

4-NITROPHENOL 100-02-7 

PHENOL 108-95-2 

PHENYL-TERT-BUTYLAMINE 122-09-8 

1,2,4,5-TETRACHLOROBENZENE 95-94-3 

1 ,2,4-TRICHLOROBENZENE 120-82-1 

1 ,2-DICHLOROBENZENE 95-50-1 

1,3,5-TRINITROBENZENE 99-35-4 

1,3 DICHLOROBENZENE 541-73-1 

1,3-DINITROBENZENE 99-65-0 

1 ,4-DICHLOROBENZENE 106-46-7 

1 ,4-NAPHTHOQUINONE 130-15-4 

1-NAPHTHYLAMINE 134-32-7 

2,4-DINITROTOLUENE 121-14-2 

2,6-DINITROTOLUENE 606-20-2 

2-ACETYLAMINOFLUORENE 53-96-3 

2-CHLORONAPHTHALENE 91-58-7 

2-METHYLNAPHTHALENE 91-57-6 

2-NAP1 ITIIYLAMINE 91-59-8 

96-5117.WK4\HYM 

03128196 

Project No. 0100.50.10 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-12: SITE SPECIFIC PARAMETER LIST (SSPL) CONSTITUENTS 

Semi~ Volatile Organic Compounds (cont) CAS Number 

2-NITROANILINE 88-74-4 

2-PICOLINE 109-06-8 

3,3 '-DICHLOROBENZIDJNE 91-94-1 

3,3'-DIMETHYLBENZIDINE 1!9-93-7 

3-METHYLCHOLANTHRENE 56-49-5 

3-NITROANILINE 99-09-2 

4-AMINOBIPHENYL 92-67-1 

4-BROMOPHENYL PHENYL ETHER 101-55-3 

4-CHLOROANILINE 106-47-8 

4-CHLOROPHENYL PHENYL ETHER 7005-72-3 

4 NTIROANILINE 100-01-6 

4-NITROQillNOLINE-1-0XIDE 56-57-5 

5-NITR0-0-TOLillDINE 99-55-8 

7, 12-D!METHYLBENZ(A)ANTHRACENE 57-97-6 

ACENAPHTHENE 83-32-9 

ACENAPHTHYLENE 208-96-8 

ACETOPHENONE 98-S6-2 

ANILINE 62-53-3 

ANTHRACENE 120-12-7 

ARAMITE, TOTAL 140-57 8 

BENZO(AlANTHRACENE 56-55-3 

BENZO(AlPYRENE 50-32-8 

BENZOIB\FLUORANTHENE 205-99-2 

BENZO(G,H,nPERYLENE 191-24-2 

BENZO(K)FLUORANTHENE 207-08-9 

BENZYL ALCOHOL 100-51-6 

BIS(2-CHLOROETHOXY\METHANE 11!-91-1 

BIS(2-CHLOROETHYL)ETHER 11!-44-4 

BIS12-CHLOROISOPROPYL)ETHER 108-60-1 

BIS(2-ETHYLHEXYL)PHTHALA TE 1!7-81-7 

BUTYL BENZYL PHTHALATE 85-68-7 

CHRYSENE 218-01-9 

DI-N-BUTYL PHTHALATE 84-74-2 

DI-N-OCTYL PHTHALATE 1!7-84-0 

DIALLATE, TOTAL 2303-16-4 

_DIBENZ(A,H)ANTHRACENE 53-70-3 

DIBENZOFURAN 132-64-9 

DJETHYL PHTHALATE 84-66-2 

DIMETHOATE 60-51-5 

DIMETHYL PHTHALATE 131-11 3 

DIPHENYLAMINE 122-39 4 

ETHYL METHANESULFONATE 62-50-0 

FLUORANTHENE 206-44-0 

FLUORENE 86-73-7 

96-5117.WK4\HYM 

03/28/96 
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EM Science RI/FS 
Cincinnati. Ohio 

TABLE 2-12: SITE SPECIFIC PARAMETER LIST (SSPL) CONSTITUENTS 

Semi-Volatile Organic Compounds (cont) CAS Number 

HEXACHLOROBENZENE 118-74-1 

HEXACHLOROBUTADlliNE 87-68-3 

HEXACHLOROCYCLOPENTADlliNE 77-47-4 

HEXACHLOROETHANE 67-72-1 

HEXACHLOROPROPENE 1888-71-7 

INDEN0(1,2,3-CD)PYRENE 193-39-5 

ISOPHORONE 78-59-1 

ISOSAFROLE, TOTAL 120-58-1 

METHAPYRILENE 91-80-5 

METHYL METHANESULFONATE 66-27-3 

N-NITROSODI-N-BUTYLAMINE 924-16-3 

N-NITROSODI-N-PROPYLAMINE 621-M-7 

N-NITROSODlliTHYLAMINE 55-18-5 

N-NITROSODIMETHYLAMINE 62-75-9 

N-NITROSODIPHENYLAMINE 86-30-6 

N-NITROSOMETHYLETHYLAMINE 10595-95-6 

N-NITROSOMORPHOLINE 59-89-2 

N-NITROSOPIPERIDINE 100-75-4 

N-Nf!ROSOPYRROLIDINE 930-55-2 

NAPHTHALENE 91-20-3 

NITROBENZENE 98-95-3 

0-TOLUIDINE 95-53-4 

P-(D!METHYLAMINO)AZOBENZENE 60-11-7 

P-CHLOROBENZILATE 510-15-6 

P-PHENYLENE DIAMINE 106-50-3 

PENTACHLOROBENZENE 608-93-5 

PENTACHLOROETHANE 76-01-7 

PENTACHLORONITROBENZENE 82-68-8 

PHENACETIN 62-44-2 

PHENANTHRENE 85-01-8 

PRONAMIDE 23950-58-5 

PYRENE 129-00-0 

PYRIDINE 110-86-1 

SAFROLE,TOTAL 94-59-7 

Dioxins and Fnrans CAS Number 

1,2,3,4,6,7,8-HPCDD 35822-46-9 

1,2,3,4,6,7,8-HPCDF 67562-39-4 

1,2,3,4,7,8,9-HPCDF 55673-89-7 

1,2,3,4,7,8-HXCDD 39227-28-6 

1,2,3,4,7,8-HXCDF 70648-26-9 

1,2,3,6,7,8-HXCDD 57653-85-7 

1,2,3,6,7,8-HXCDF 57117-44-9 

J_,2,3,7,8,9-HXCDD 19408-74-3 

96-5117.WK4\HYM 
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EM Science RI/FS 
Cincinnati. Ohio 

TABLE 2-12: SITE SPECIFIC PARAMETER LIST (SSPL) CONSTITUENTS 

Dioxins/Furans CAS Number 

1,2,3,7,8,9-HXCDF 72918-21-9 

1,2,:.!,7,8-PECDD 40321-76-4 

1,2,3,7,8-PECDF 57117-41-6 

2,3,4,6,7,8-HXCDF 60851-34-5 

2,3,4,7,8-PECDF 57117-31-4 

2,3,7,8-TCDD 1746-01~ 

2,3,7,8-TCDF 51207-31-9 

HPCDDS (TOTAL) 

HPCDFS (TOTAL) 

HXCDDS (TOTAL) 

HXCDFS (TOTAL) 

OCDD 3268-87-9 

OCDF 39001-02-0 

PECDDS (TOTAL) 

PECDFS (TOTAL) 

TCDDS (TOTAL) 

TCDFS (TOTAL) 

Polychlorinated Biphenyls CAS Number 

AROCLOR-1016 12674-11-2 

AROCLOR-1221 11104-28-2 

AROCLOR-1232 11141-16-5 

AROCLOR-1242 53469-21-9 

AROCLOR-1248 12672-29~ 

AROCLOR-1254 11097-69-1 

AROCLOR-1260 11096-82-5 

Cyanide CAS Number 

CYANIDE, TOTAL (AUTOMATED) 57-12-5 

Metals CAS Number 

ANTIMONY 7440-36-0 

ARSENIC 7440-38-2 

BARIUM 7440-39-3 

BERYLLIUM 7440-41-7 

CADMIUM 7440-43-9 

CHROMIUM 7440-47-3 

COBALT 7440-48-4 

COPPER 7440-50-8 

LEAD 7439-92-1 

MERCURY 7439-97-6 

NICKEL 7440-02-0 

TIN 7440-31-5 

VANADIUM 7440-62-2 

ZINC 7440-66-6 

96-5117.WK4\HYM 
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EM Science RI/FS 
Cinoinnall, Ohio 

TABLE 2-13: MONITORING WELL CONSTRUCTION DATA 

Well J.D. 

I 
lnst<llbtion l«>plao:emeon TopotCasinl! Top of So;nt>n BoU001 of Scr<"'n I Screen U~~~:th 

I Dat• Dalt/CI>JlUill'nlS E)l,nl= ~~:~ 
Elevatinn I (feel) 

MWI 12119181 609.11 592.30 5118.30 " 
MWIA(P) 09115183 PIEZOMETER 609.76 583.30 ss-uo '" 

MW' !2110181 610.97 593.50 589.50 •.• 
MW< 12116/lll 609.85 602.)0 598.\0 ..• 
MW' 121\l/81 608.2\ 5S9.80 'iS4.90 ..• 
MW' l!ll61lll 6011.39 'i%.20 591.20 ... 
""' 

12130181 585.20 572.30 568.30 ..• 
MW'> 121!1181 604.63 517.50 573.50 ... 
MWII !2110/BI 617.18 60!.60 596.60 '' 

MWIIA(I') 09114183 PIEZOMETER 618.64 58UO 578.50 '' 
MWIJC 11112187 616.17 567.10 "'·"' '·' 
MWJ2 12129181 ~.00 589.10 SM.IO '·' 
MWI3 06101/8:3 610.41 591.10 5117.70 ..• 
MW" 06/061113 610.39 5&4.20 579.20 '·' 

MWI4A(f') 0911'1/BJ PIEZOMETER 61!.16 598.10 59'1.10 ' ' 
MW" 09116183 602.61 579.00 574.00 '' 
MWI'IB 11118/81 603.91 555.20 550.10 '' 
MW" 01/091&4 S96.W "'·00 559.60 '' 
MWn 0\1!3184 599.06 559.50 554.!i0 '' 
MW" OI/12J&I 60!.63 561.30 556.30 '' 

MWI9A 07/19185 S7U3 568.90 563.90 M 

MWI9B 07120/85 516.06 5'13,90 "'·"' '' 
MWIOC 07nt/85 576.28 UJ.I!O 5!8.1!0 '' 
"""'' '"""'" 

'171.18 565.10 '159.70 ,, 
"""'' 0712118'1 

,.,.,, 553.60 "'·"' '·' 
""'" 02110186 612.33 5!10.10 578.10 '' 
""'" 02111186 613.51 593.70 W\.1U '' 
MWD 04/301117 t 1130193 591.65 567.95 551.95 IIJ.O 

""" l\1!61117 ~·"' 556.20 H\.20 '·' 
MWD 041121811 606.9!1 591.10 586.10 ,, 

MWDA 0411111!8 ""·" 571.00 "'·"' ,, 

""" 04/131811 611.18 579.1!0 "'·"' 10.0 

"""' 031131119 611.77 561.30 5!11.30 10.0 

""'' 041141811 610.18 593.90 SU.90 '' 
""'' OJnS/119 ""·" 574_1{) 569.70 ,, 

"""' ""'""' 031191~ "'·" !138.48 5:15.911 '' 
""'" 031081119 610.U 580.30 S1S.10 ,, 

""'" 03/091119 610.0 S90.j(l .'lllj.40 ' ' 
MWJIC 'N) "'""" NEW WELL 609.95 563.~ 558.65 ,, 
MWJJD(N 03/1919-4 NEW WELL 609.91 553.01 548.01 '·" 
""'' 03IU7/119 "'" 579.10 S76.SO ,, 
MW" 03113/119 595.04 559.90 '139.70 "·' 
MWU 05117/89 596.70 547.20 537.20 10.0 

MW43A 051101119 598.26 550.00 S-45.00 ,, 
MW# 051]51119 594.13 548.70 538,1U !0.0 

MW51A 1)9112189 609.31 592.10 587.10 ,, 
MWJOI (N 00113194 """wru. 612.43 593.93 51!8.93 ,, 
MW501 NJ 03/15194 NEW WELL 603.56 596.03 593.'13 2.5 

MW502A___ilil_ ())/21194 NEWWEU. 579.81 574.52 "'" 
,, 

MWS01B(N 03123194 NEW WELL 'i79.Bl 556.96 551.9!1 ,, 
MW.503{N oJnl/94 NEW WELL 515.61 513.40 568.<10 ,, 
MW50o4(N\ 03122194 NEW WELL n6.1o 5n.ss 567.58 ,, 

MWj05A N) 0)122/94 NEW WELL 57!.78 563.U 558.18 ,, 
MWj058 (Nl 03/22194 ! NEW WELL 571.70 555.32 550.32 ,, 
MWS06 N\ 03/23194 NEW WELL 566.76 557.71 552.71 ,, 
MWj07 N)_ 06114195 NEW WElL 568.61 554.31 549.37 ,, 
MW50!!(N\ 06116195 NEW WELL 591U\ 559.01 554.01 '' 

" 0!1281!16 599.71 574 10 .169.10 ,, 

" 02/05186 610.81 5HUO 580.30 '" 
" 12102193 nrol/93 sgs_n 5Sl.S2 541.52 10.0 

e<A 06/!:'i/89 PUMPING WElL 592.40 'i59.20 SJ9.20 10.0 

P7 (P) 341051!!11 PJEZOM£TER 59·1.95 561.!0 546.10 "' 
PS(P) ()4/07188 PIEZOMETER 595.50 5'iJ.j(l 546.50 ,, 

'"'" 041151!\!1 PIEZOMETER 5%.64 'i49 60 544.60 '" 

%-5l\B.WK41HYM 

TO!a\ W•ll Depth I Top ofS:>ndi'::ld i Sand P:ldi ' 
Tnp tH Bemonit~ I 

(l'<d) Elenlion u""' I Ekvati<>n 

m ' ' ' 
'0.8! 594.30 " " 
'9.46 586.30 ..• 586.00 

'1 47 595.50 •• "' 
11.75 604.10 ... "L 

23.31 59!.90 '' "L 

16.\9 598.20 ..• "' 
16.9 574.)() ... "L 

31.!3 519.50 ... "L 

20.58 602.10 '' "L 

40.14 SBS.!ll " 587.80 

5!.47 "'"' •• 571.40 

24.93 592.10 ... "L 

22.71 593.70 '' 'i95.70 

31.l9 585.20 '" 587.10 

15.96 599.20 ..• 600.70 

28.62 587.00 \3.0 589.00 

53.71 556.60 •• 5'11.60 

36.99 567.10 '·' 569.20 

44.56 5M . .50 10.0 566.50 

45.33 56'1.40 ' ' 567.40 

11.63 "'"' '' sn.90 

27.16 555.90 '·' 559.40 

57.4-8 526.30 '' SJ\.30 

11.48 '"~ 
,, 

"'" 
21.96 555.60 '' 557.60 

33.63 -'llll-20 '' "L 

21.83 "'·" '' "L 

39.7 "'" 12.0 571.45 

58.!1 !157.90 '·' 559.10 

zo.u 59!1.90 ... '197.110 

41.98 "'"' '' 514.110 

41.911 583.10 13.3 $83.\0 

60.41 .... ~ !3.0 567.JO 

21.28 577.40 '·' 597.40 

33.29 571.40 0.7 5St.70 

n.7 S40.U .., 542.48 

35.2.5 581.70 '' 5!!4.10 

25.03 592.10 •• 59-4.60 

5!.3 st;j_'}j " ""·" 
61.9 556.01 ..• 557.81 

32.46 580.10 4.17 583.10 

H.:l-4 561.70 22.0 "'·" 
59.5 548.20 !1.0 550.20 

53.26 5SUO ., 553.50 

56.03 5'11.20 12.5 552.10 

22.21 593.30 ., 595.20 

!U 595.93 '' 598.43 

10.03 59R.03 ... 600.03 

10.29 576.02 '·' 578.02 

27.86 558.96 '' 560.46 

10.21 574.90 ... 576.90 

8.52 573.58 '·' 57S.08 

13.6 >M.M '·' 566.68 

1U8 SS1.32 '' 559.02 

14.05 560.31 '' 565.21 

19.3 ,.,, 
'' 558.70 

36.5 561.34 '·' 563.18 

)()_67 576.60 u "L 

30.51 588.110 ... 'L 

" HJ.Sl !!.0 555.52 

53.2 562.10 .,.,_9 565.:!0 

48.85 =~ 16.7 568.40 

49.J 55-4.60 " 5n9.JO 

52.04 551.40 .. ' 554.40 

Cas~ I C;osing i GwJoP<:Unit 

Diamer..- l>laierlal W•ll Scrftnln 

' ' 
' " " ().15 IRON " 
' " " 
' " 00 

' " Cl 

' " 00 

' " "' 
7 " 00 

7 " c; 

0.75 IRON Dl 

' " "' 
' " 00 

' " c; 

' " 01 

0.75 IRON Cl 

' " 01 

' " "' 
7 " 0> 

' " m 

' " 00 

' " "' 
' " "' 
' " " 
' " "' 
' " "' 
' " Dl 

' " Cl 

' " 00 

' " "' 
' " c; 

' " Dl 

' " m 

' " D> 

' " c. 

' " 01 

' " 07 

' " Dl 

' " c; 

' " "' 
' " "' 
' " Dl 

' " O> 

' " D> 

' " D> 

' " D> 

' " Cl 

' " Cl 

' " Cl 

' " 0' 

' " 07 

' " 07 

' " 00 

7 " m 

' " m 

' " 00 

' " 0' 

' " m 

' " m 

' " m 

' " m 

• eve O> 

eve 0' 

' eve m 

'"C m 

W•ll LD. 

MWI 

MWIA 

Mm 
MW. 

MW' 

MW6 

MWO 

""' MWU 

MWIIA 

MWIIC 

MWn 

MWI3 

MWI4 

MWI4A 

MW" 

MWJ'IB 

MW" 

MW17 

MW" 

MWI9A 

MW19B 

MWIOC 

""""' 
"""'' MWOUA 

""'" MWn 

""'' 
""" MWDA 

""" 
""'" MWn 

M">' 

MW" 

""'" 
""'" MW>IC 

MWHO 

""'' MW<> 

MWU 

MW43A 

MW« 

MW'IIA 

MW"I 

MW.'iOI 

MW,.,... 

MW>m8 

MW>O' 

MW"' 

MW.50SA 

MWj058 

I MW,.. 

MWm 

MW.'iO& 

" 
" 
" 
"" 
"' 
" 
~ 

04101196 

Ptojecl No. 0100.50.!0 

~RAPHI 
00 fill 

" Ul!l!c; Till Sand Seams 

" Ur~S..nd Unii 

"' U.cusuine Unit 

"' Lowcr Clay Unil 

"' Lowq- Sand Zone 

o• Lacu..strine 2 Zone 

" LacllSlriK 3 Zone 

"'"'" 
' Stain1C5!1Stod 

~- Poll Vi!!J:I Chloride 

IRON Iron p; 

M•L Moan Sa Level 

"L N01Llsted 

' Pio~om=r: not sam led durin " 
'"' N....- wen drilled durin theRI 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

Dioxin Total Dissolved Dioxin/Furan 

03129/96 

Project No. 0100.50.10 

Well ID VOCs Furan PCBs Metals Metals Lab. Filtered MS/MSD 

PHASE III 
Background Wells 

MWIJ X X X X X X X X 

MW!IC X X X X X X X X X 

MW21A X X X X X X X X 

MW25 X X X X X X X X 

MW25A X X X X X X X X 

MW29 X X X X X X X X 
-

MV{-H_ X X X X " X X -- X -- --- ---- ---- --

On-Properly Wells 

MWI X X X X X X 

MW2 X X X X X X X X 

MW4 X f-----

MWS X X X X X X X X X 

MW6 X X X 

MW8 X X X X X X X 

MW9 -- X --f----

MW12 X X X X X X X X X 

MW13 X X X X X X X X X QAQC2 X 

MW14 X X X X X X X X 

MW!5 X 

MW!SB X X X X X X X X 
--

MWI6 X X X X X X X X 

MW17 X X X X X X X X 

MW18 X 

MW21B X 

MW23 X 

MW24 X X X X X X X X 

MW26 X X X X X X X X X 

MW26A X X X X X X X X 

MW27 X X X X X X X X 

MW30 X X X X X X X X X - ---- ---

96-5120.WK4\HTh1 
Page I of 9 



EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

We!Llll VOCs 

On-Property Wells (cont) 

MW3!A X X 

MW3\8 X X 

MW3!C X X 

MW31D X X 

MW35 X X 

MW41 X X 

MW42 X X 

MW43A X X 

MW51A X X 

MW301 X X 

PI X X 

P5 X X 

P6 X 

Off-Property Wells 

MWI9A X X 

MW!98 X X 

MWI9C DRY 

MW20A DRY 

MW20B X X 

MW501 DRY 

MW502A X X 

MW502B X X 

MW503 X X 

MW504 X X 

MW505A X X 

MW5058 X X 

MW506 X X 

96-5120.WK4\HYM 

Dioxin 

Furan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

·-L_ ---

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

---- - ·-

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X 

X X 

X 

X 

X 

X 

X X -
X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

QAQCJ 

OAOC4 

-

Field 

Blank 

03129/96 

Project No. 0100.50.10 

MS/MSD 

-

X 

X 

X ·--
X 

X 

X 

--
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

We!IID l I Dimdn I 
_ VOCs SV:OCs Furan J>C.Bs 

Other Locations 

SEEP X X X X X 
-

OUTFALL X 

SEWER A X X X X X 

SEWER C X X X X X 

PHASE IV 
Background Wells 

MWII X X 

MWJJC X X 

MW21A X X 

MW25 X X 

MW25A X X 

MW29 X X X X X 

MW44 X ._X __ --- ~ ··-

On-Property Wells 

MWJ X X 

MW2 X X 

MW4 X X X X X 

MW5 X X X X X 
-

MW6 X X X X 

MW8 X X X X X 

MW9 X X X X X 

MW12 X X X X X 

MW13 X X X X X 

MW14 X X X X X 

MW\5 X X X X 

MW158 X X X X X 

MWJ6 X X X X X 

MWJ7 X X X X X 

MW18 X X X X X 

MW218 X X 

96-5120.WK4\HYM 

Total 

Metals 

X 

X 

X 

X 

X 

X 

X 

X 

X 

](_ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X --

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Dloxin!Furan 

Lab. Filtered 

X 

X 

X 

X 

X 

X 

X 

_Q;\Q_C6 

~C8 

03129/96 

Project No. 0100.50.10 

MS/MSD 

X 

X 

X 

X 

X 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLlNG CONSTITUENT SUMMARY 

03/29/96 

Project No. 0100.50.10 

l I Dioxin Total Dioxin!Furan Field Field 

Well ID VOCs SVOCs Furan PCBs Metals Lab. Filtered Du llcate Blank MSfMSD 

On-Property Wells (cont) 

MW23 X X X X X X X 

MW24 X X X X X X X 

MW26 X X X X X X X X X 

MW26A X X X X X -
MW27 X X X X X X X X X 

MW30 X X X X X X X X 

MWJJA X X X X X X X 

MWJJB X X X X X X X QAQC7 X 
·-

MW3!C X X X X X X X X 

MWJID X X X X X X X 
-

MWJ5 X X X X X X X X 

-~-

MW41 -~ X X X X X X -··-

MW42 X X X X X X X 
.. ·- -~-

MW43A X X X X X X X X 

MW51A X X X X X X X -·----

MWJOl X X X X X X X X 

PI X X X X X X X X 

P5 X X X X X X X X 

P6 X X X . X X '-· X X ---- ---

Off-Property Wells 

MW\9A X X X X X X X 

MWJ9B X X X X X X X 

MW19C DRY 

MW20A DRY 

MW20B X X X X X X X 

MW501 DRY 

MW502A X X X X X X X 

MW502B X X X X X X X 

MW503 X X X X X X X X 

MW504 X X X X X X X 

MW505A X X X X X X X 

96-5!20.WK4\HYM Page 4 of 9 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

Dioxin 

Wei!ID SVOCs ·~ 
Radionudide 

Field 

Blank 

03/29196 

Project No. 0100.50.10 

MS/MSD 

Off-~:::W•[nt) ~ I ~ I : I ~ I ~ I : I ~ ± ~ I X I I 

Other Locations 

SEEP X X X X X X X 

OUTFALL X X X X X X 

SEWER A X X X X X X X 

SEWER C X 

FIELD BLANK QAQC9 

FIELD BLANK QAQCIO ---
FIELD BLANK QAQC12 

PHASE VI 

Background Wells 

MWll X X X X X --
MWIIC X X X X X 

MW2!A X X X X X - -
MW25 X X X X 

·---~-

MW25A X X X X 

MW29 X X X X X X X 

MW44 X X X X X 

On-Property Wells 

MWJ X X X X X 

MW2 X X X X X ---
MW4 X X X X X X X 

MW5 X X X X --- ·-
MW6 X X 

MW8 X X X X X X X 

MW9 X X X X X X X 

MW12 X X 

_______M__W13 _____ X ;.;; X - X X X ~ ---- X 

96-5120.WK4\HYM Page 5 of 9 



EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

WeiiiD 

On-Property Wells (cont) 

MWJ4 X ··--
MWI5 

MW15B X 

MWJ6 X 

MW17 X 

MWJ8 X 

MW21B -
MW23 X .. 

__ MW24_ X 

MW26 X -· 
MW26A X 

MW27 ___ X 

MW30 X 

MWJIA X 

MWJIB X 

MWJ!C X -
MWJID X 

MW35 X 

MW41 X -
MW42 X 

MW43A X 

MW51A X -
MW30J X 

Pl X 

P5 X 

P6 X 

Off-Property Wells 

MWJ9A X 

MWJ9B X 

MW19C DRY 

_MW20A _ X 
. ' 

96-5120.WK4\HYM 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X ------

Dioxin 

F~n 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

-- --

Radiogpclid~ 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

- --- -

Dioxin/Furan 

Lab. filtered 

X 

X 

X 

X 

X -·--

X 

OAOC!4 

OAOCI3 

QAQC15 

Field 

Blank 

03!29/96 

Project No. 0100.50.10 

MS/MS!l 

X 

X 

X 

-

X 

X 

X 

-- -----
-

X 

X 

X 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

Dioxin 

Well ID VOCs Fur!!;Q 

Drf-Property Wells (cont) 

MW20B X X X X X 

MW501 DRY ·-
MW502A X X X X X 

MW502B X X X X X 

MW503 X X X X X 

MW504 X X X X X 

MW505A X X X X X 

MW5058 X X X X X 

MW506 X X X X X 

Other Locations 

SEEP X X X X X 

OUTFALL X X X X X 
-··-

SEWER A X X X X X 

SEWER C X X X X X 

FJELD BLANK 

FIELD BLANK -
FIELD BLANK 

PHASE VII 
Background Wells 

MWll NS 

MWI\C NS 

MW21A 

MW25 

MW25A NS 
·-

MW29 NS 

MW44 NS 

96-5120.WK4\HYM 

Total 

Metals 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

~ 

-

Field 

Blank 

QAQCJ6 

QAQCJ7 

QAQCJ8 

03/29/96 

Project No. 0100.50.10 

MS!MSD 

X 

X 

X 

-
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EM Science RIIFS 
Cincinnati, Ohio 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

Wei!ID 

On-Property Wells 

MWI 

MW2 

MW4 

MW5 

MW6 

MW8 

MW9 

MWJ2 

MW\3 

MW14 

MWJ5 

MW\58 

MW\6 

MWJ7 

MW\8 -
MW21B 

MW23 

MW24 

MW26 

MW26A 

MW27 

MW30 

MW31A 

MW318 

MW31C 

MW31D 

MW35 

MW41 

MW42 -
MW43A 

MW5JA 

_______M!\13Ql ___ -

96-5J20.WK41HYM 

VOCs 

NS 

NS 

NS 

X 

NS 

X 

X 

X 

X 

NS 

X 

X 

NS 
X 

X 

X 

NS 

X 

X 

X 

X 

X 

X 

X 

-~ --- - -

Dioxin 

·~~ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-- ·-- ----

Total 

Metals 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

---

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

----

OAOC19 - .. 

-·-

-

-· 

QAQC20 

------ ----- ---- ··----

03/29/96 

Project No. 0100.50.10 

MSfMSD 

·-

X 

--·-

X 

X 

X 

-

--- --------
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EM Science RifFS 03/29/96 

Cincinnati, Ohio 
Project No. 0100,50.10 

TABLE 2-16: GROUND WATER SSPL SAMPLING CONSTITUENT SUMMARY 

Well ID I I J- ~ ---
VOCs SVOCs Furan PCBs Metals Lab. Filtered Du licate MS/MSD 

On-P";''' W•'r""'i : t I x I I I x I x f j - I J.__L____ 
Off~Propcrty Wells 

MWI9A X 

MWJ9B X 

MW19C DRY 
MW20A DRY 

MW20B X ·-
MW501 DRY 

MW502A X 

MW502B X 

MW503 X -· 
MW504 X 

MW505A X 

MW505B X -
MW506 X --
MW507 X --
MW508 X 

Other Locations 

SEEP NS 

OUTFALL NS 

SEWER A NS 

SEWER C X 

FIELD BLANK 

FIELD BLANK 

FIELD BLANK 

NOTES: 
VOCs ·Volatile Organic Compounds 

SVOCs- Semi-Volatile Organic Compounds 

PCBs - Poly Chlorinated Biphenyls 

X 

X 

MS/MSD- Matrix Spike/Matrix Spike Duplicate 

96-512D.WK4\HYM 

. 

X 

X 

X 

X 

X 

X 

X 

QAQC13 -Quality Assurance/Quality Control Sample 

X - Sample Collected for Analytical AnaJysis 
NS- Well Not Sampled During Sampling Event 

X X 

X X 

X X 

X X 

X X 

X 

X 

-· 

QAQC2J 

QAQC22 

X -
X 

-

QAQC23 ---

QAQC2" 

QAOC25 

Page 9 of9 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 2-17: AIR SAMPLING SUMMARY 

Sample I i Sample I' Date 

Identification TYJ" Sampled 

OUTFALLWR-080194AIR1 Grab 08/01194 

OUTFALLWR--080194AIR2 Grab 08/0l/94 

SE23-111394-4HC 4-hour comoosite 11/13/94 

W23-111394-4HC 4-hour composite 11/13/94 

N23-111394-4HC 4-hour composite 11/13/94 

E23-ll1394-4HC 4-hour composite 11/13/94 

W75-111394-4HC 4-hour composite 11/13/94 

N60-lll394-4HC 4-hour composite llfl3/94 

E55-lll394-4HC 4-hour composite llll3/94 

OUTFALLWR-lll394-4HC 4-hour composite 11/13/94 

OUTFALLWR-111394-GRAB Gmb 11/13/94 

NOTES: 

T0-14- "Compendium of Methods for the Determination of 

Volatile Organic Compounds (VOCs) in Ambient Air", EPA, May 1988 

96-512l.WK4\HYM 

II Sampling J Device 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Summa Passivated Canister 

Analytical 

Method 

T0-14 

T0-14 

T0-14 

T0--14 

T0-14 

T0-14 

T0-14 

T0-14 

T0-14 

T0-14 

T0-14 

I 

03129/96 
Project No. 0100.50.10 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 3-4: SITE GEOLOGIC UNITS AND CODES 

' 

Geolo~ic Unit I I Strati~raphic Code 

0 to 2 feet below the surface AO 

Fill BO 

Upper Till Unit co 
Upper Till Sand Seams Cl 

Upper Sand Unit Dl 

Lacustrine Unit D2 

Lower Clay Unit D3 

Lower Sand Zone D4 

Lacustrine 2 Zone DS 

Lower Till Unit EO 

Lacustrine 3 Zone El 

Norwood Trough Sand and Gravel Unit FO 

Upper Non-Satnrated Zone Fl 

Lower Satnrated Zone F2 

96-5082.WK4/HYM 

04/03/96 
Project No. 0100.50.!0 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 3-5' SUMMARY OF GEOTECHNICAL LABORATORY DATA 

Stratigraphic Type of Boring Sampling Sample Depth Sample Elevation 

Unit !Iori A= Location Deritt '"' msl reetl 

Upper Sand Unit WwerTill AI-2 LT203 Snlit SIKXn 36-38 5T3- 575 

(Dl) Vadose Zone AI-2 VZ204 Ju 28-32 578-582 

VZ208 Ju 30-34 576-580 

AI-3 VZ319 Ju 30-35 575-580 

VZ3:W Ju 25-30 580-585 

VZ320 Ju 30-35 575 -5&1 

Combination AI-3 VE309NZ318 Ju 30-35 574-579 

VE310NZ9305 Ju 25-30 579-584 

VE3IINZ9304 Ju 30-35 574-519 

VE3121VZ9303 Ju 25-30 580.585 

VE313NZ9306 Ju 25- 30 578-583 

VE314NZ323 Ju 30-35 573. 57& 

Wdl A!-3 MW31D J" 32-34 576- 578 

I=ustrine Unit Lower Till AI-l LTl06 Co~ 33.35 576-578 

(D2) AI-2 LTW3 SvlitSooon 33-35 576-578 

LTI03 Shelb Tube 45.47 565.2. 565.5 

LTW3 Shelby Tube 45-47 564.8. 565.1 

AI-3 LT33& Co~ 33-35 573-515 

Vadose Zonc AI-J VZlll She1bv Tube 30-32 577.579 

AI-2 VZ2114 Ju 36- 3& 572-574 

VZ204 Shelby Tube 46-48 562-564 

AI-3 VZ3:W Co~ 35-40 570-575 

AI-4 VZ412 ShelbvTube 34-36 562-564 

AI-5 VZSI1 Shelb Tube 14.5-16 563- 564.5 

VZSI2 Sbdby Tube 14.5. 16 561· 562.5 

Vertical Extent AI-5 VE>08 Co~ 27-32 574.519 

VESOS Co~ 32-31 569-514 

VESOS Co~ 42.47 559-564 

VES09 Core 33-35 513-515 

VES09 C= 41-42 566-567 

VES09 Core 46-47 561-562 

VE5!0 Co~ 44.45 564.565 

VE518 Shelby Tube 8 -10 567.3-567.6 

VE518 Shclbv Tube 8- 10 567.8-568.1 

VES19 Shelb Tube 14-16 565.567 

Combination AI-3 VE309fVZ318 Co~ 40-45 564.569 

VE310fVZ9305 Core 30-35 574-579 

VE31lfVZ9304 Co~ 35 -40 569-574 

VE312fVZ9303 Co~ 40-45 565-570 

VE313fVZ9306 Co~ 30-35 573.578 

VE314fVZ323 Core 35- 40 568-573 

VE315fVZ9308 Core 30.35 571 -576 

VE316fVZ324 Co~ 45-50 558-563 

AJ-4 VE402fVZ407 Core 40-45 553-558 

VE402fVZ407 Ju 45-50 548-553 

96--5148.WK4\HYM 

uses Moisture Content Saturation Porosity 

Classification "' ... .. , 
SM 17.2 48.2 35.7 

SW-SM 16 47.8 33.5 

SM 16.4 67.8 24.2 

SP-SM 15.1 45.5 33.2 

SM 11.2 41.9 2/,_7 

SW-SM 13.7 39.3 34.9 

SM 18.7 53.0 35.3 

SC-SM 12 46.7 25.7 

SC-SM 9.1 39.9 22.8 

SW-SM 9.4 39.8 23.6 

SM 19.3 59.2 32.6 

SP-SM 13.& 4<>.9 33.7 

SM 14.6 55.5 26.3 

CL 23.4 60.3 38.8 

ML 21 56.1 37.4 

CL 18.6 56.5 32.9 

ML 18.6 53.4 34.& 

CL 26.3 62.8 41.9 

ML 23.9 61.8 38.7 

SP-SM 17.4 S0.6 34.4 

ML 21.9 53.& 40.7 

CL 23 59.0 39 

CL 27.6 63.6 43.4 

CL 2&.& 67.1 42.9 

CL 23.7 61.6 38.5 

CL 24.4 65.2 37.4 

CL 25.6 65.5 39.1 

CL 28.8 71.8 40.1 

CL 23.5 63.0 37.3 

CL 21.9 62.9 34.8 

CL 26.8 66.0 40.6 

CL 23.7 65.1 36.4 

CL 22.2 58.1 38.2 

CL 24.5 61.1 40.1 

CL 26.5 63.7 41.6 

ML 16.1 54.2 29.7 

CL 24.6 62.8 39.2 

CL 22.2 61.0 36.4 

CL 22.5 61.0 36.9 

CL 23.9 59.2 40.4 

CH 29.1 66.7 43.6 

CL 28 67.3 41.6 

CL 25.7 61.3 41.9 

CL-ML 17 54.0 31.5 

SM 25.5 65.1 39.2 

I 
BulkDemity 

Soil H ~ 

8.3 i 109.2 

9 I I13.7 

8.9 I 129.2 

7.7 I 112.6 

7.7 124 

7.6 I 110.2 

7.9 l 108.7 

7.7 I 126.2 

7_7 I 132 

8.1 I 129.8 

7.6 113.7 

7_9 i lll.J 

8.S 126.6 

8.2 103.9 

8.2 1116 

8.2 114.4 

8.2 l 111.1 

8.1 I "-' 
8.S I 104.1 

8.1 i IIU 

8.6 101.5 

7.6 l 103.2 

'-' ! ., 
NA i ., 
NA I "104.5 

8 l 106.4 

8.1 l 102.6 

8.2 ' 100.3 

8.1 106 

8 I 110.3 

8 I 102 

8.1 I 108.4 

8 I 104.1 

8.1 l 102.9 
I 

7.9 99.6 

8.8 118.5 

8 ! 102.5 

8.2 108.4 

8.5 I 107.8 

8.1 ! 102.5 

8.6 I 95.1 

7.8 
I 

125.1 I 

8.4 I 98.6 

8.2 ' 116.3 

6.9 102.9 

Hydraulic Conductivity Disturbed (D) or 

""'' Undisturbed nn• 

6.4E-05 D 

6.0E-05 D 

l.IE-06 D 

4.0E-05 D 

8.3E-06 D 

2.1E-04 D 

4.9E-05 D 

HE-06 D 

1.4E-06 D 

7.0&.06 D 

2.1E-05 D 

2.4E-05 D 

2.9E-06 D 

L6E-08 u 
l.JE-06 D 

5.2E-07 u 
2.8E-08 u 
7.5E-09 u 
7.0E-07 u 
2.0E--04 D 

3.9E-06 u 
2.8E-O& u 
1.2E-o8 u 
2.9E--08 u 
4.6E-08 u 
l.SE--08 u 
1.5E-08 u 
L2E--08 u 
L7E-08 u 
8.5E-08 u 
2.1E-08 u 
1.9E-o8 u 
1.9E-o8 u 
1.4E--08 u 
3.3E--08 u 
S.SE-07 u 
6.4E--09 u 
2.0E-08 u 
L9E-08 u 
7.0E-09 u 
6.3E--09 u 
7.5E-09 u 
3.2E--08 u 
5.3E--08 u 
l.BE-04 D 

04/04/96 

Project No. 0100.50.10 

TOC 
.~ 

1300 

600 

840 

1100 

340 

880 

840 

640 

720 

"" 7SO 

u,oo 

ND 

8000 

4300 

7600 

9100 

5100 

1000 

5200 

6000 

690 

5500 

5300 

6700 

7500 

5300 

5700 

8400 

6400 

54011 

11000 

3000 

4700 

7200 

4900 

5500 

8100 

6400 

'l700 

8300 

3600 

13011 
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EM Science RifFS 
CiiK;iiiDati, Ohio 

TABLE 3-5' SUMMAkY OF GEOTECHNICAL LABORATORY DATA 

Stratigraphic Type of Borlng Sampling Sample Depth Sample Elevation 

Umt Bori A~ Lo<>tlon Dmtt ""'' 1~ I feet 

Llcustrine Unit (com) w,u AI-3 MW3JD Shelbv Tube 48-50 562-564 

(D2) AI-3 MWSO! ShettT Tube 34-36 570.7- 571 

MW501 Shelbv Tube 34-36 569.5- 569.8 

MWSO! Shelbv Tube 44-48 551-559 

MW302A ShelbvTube 8-10 571.7-571.9 

MW302A Sbelbv Tube 8 -10 571.1 - 571.3 

MWSOZA Shelb Tube 22-24 556-558 

MW303 ShelbvTube 8 -10 569.7-570.1 

MWSOJ SbelhvTube 8- 10 569.3-569.5 

MW303 She!._, Tube 18-20 559.561 

MW505A Shclbv Tube 9- II 561 • 563 

MW505A ShelbvTube 15 -17 555.551 

MW307 Shcl '""' 10. 12 558-560 

MW307 Solit Sooon 12-14 556-558 

MW307 Sn1itSnoon 14-16 554-556 

MW307 SheJfn Tube 15. 17 553-555 

MW307 Shelbv Tube 16-18 552-554 

MW307 Shelbv Tube 17-19 551.3-551.8 

MW307 Shelbv Tube 17-19 55?. 5- 552.8 

Lower Clay Unit LowtrTill AI-l LT106 Jn 53.55 556-558 

(D3) AI-3 LT338 J~ 58.60 543-550 

Vadose Zone AI-3 VZ320 Jn 40.45 565-570 

AI-4 VZ403 She1bv Tube 30.32 564-566 

VZ403 Shelb Tube 34.36 560.3 - 560.6 

VZ403 Shelbv Tube: 34-36 561.6. 561.8 

VZ403 Jn 44-48 543-552 

VZ403 J~ 40.45 553.558 

VZ403 c~ 50-55 543-548 

VZ40B SnlitSooon 38.40 558 -S60 

VZ409 Co~ 35-40 560-565 

VZ412 Shcl "'"' 42-44 554.556 

VZ412 J~ 44-46 552.554 

Al-5 VZ511 Shelbv Tube: 34.35.5 543.5-545 

VZ512 Shclbv Tube 34.35.5 541.5-543 

Vertical Extent AI-5 VE508 Co~ 47.52 554-559 

VE508 c~ 52-51 549-554 

VE309 Co~ 55-56 552.553 

Combination AI-3 VE309NZ318 Jn 50.55 554-559 

VE309NZ318 Jn 55- 60 549-554 

VE310/VZ9305 Co~ 40-45 564-569 

VE31!NZ9304 Co~ 40.45 564-569 

VE31INZ9304 Co~ 50. 55 554-559 

VE31INZ9304- Co~ 65.70 539.544 

VE312NZ9303 J~ so. 55 555.560 

VE313NZ9306 C= 50.55 553-558 

VE314NZ323 C•~ 55. 60 548-553 

VE315/VZ930l! c~ 5{). 55 551.556 

VE316NZ324 Core 50-55 553.558 

Al-4 VE402NZ407 Core " 60 53S- 543 

96-514KWK4\HYM 

uses Moisture Content Saturation Porosity 

Classification %l (%\ (%\ 

CL-ML 17.5 43.5 40.2 

CL-ML 23.1 58.6 39.4 

CL 24.8 62.0 40 

CL 29.4 65.5 44.9 

ML 22.9 59.0 38.8 

CL 25.7 62.2 41.3 

CL 22.2 61.7 36 

CL-ML 23.8 62.1 38.3 

CL 24.5 59.8 41 

CL 28.4 65.3 43.5 

CL 25.9 62.1 41.7 

CL 22.6 60.6 37.3 

CL 23.4 59.1 39.6 

NA NA NA NA 

NA NA NA NA 

SP-SC 11.6 33.2 34.9 

CL 21.2 60.4 35.1 

SP-SC 14 47.1 29.7 

CL 20.8 59.8 34.8 

ML 16.6 47.2 35.2 

0..-GM 7.9 33.1 23.9 

SM 12.1 42.8 28.3 

CL-ML 21.7 60.8 35.7 

ML 19.6 52.8 37.1 

CL 23.8 60.9 39.1 

SP-SM 15.5 47.3 32.8 

SM 21.3 58.2 36.6 

ML 15.8 55.6 28.4 

SM 8 45.1 17.5 

SC-SM 8.8 43.8 20.1 

SC-SM 7.8 45.9 17 

SC-SM 16.4 55.2 29.7 

CL 17.2 "-' 31.8 

CL 18.2 55.2 33 

CL 15.1 55.5 28.3 

SC-SM 9.7 42.9 22.6 

CL 21.1 63.0 33.5 

ML 19.2 62.3 30.8 

ML 22.7 60.4 37.6 

SC-SM 11.7 46.4 25.2 

SC-SM 9.3 42.0 22.6 

ML 18.5 58.5 31.6 

SC-SM 8.3 41.3 20.6 

ML 20.5 59.2 34.6 

CL ML 16.4 53.6 30.6 

CL 14.8 51.2 28.9 

SC-SM 9.9 43.8 22.6 

CL 19.2 58.9 32.6 

SC-SM ll.I 45.9 24.2 

Bulk Density 

Soil H r...n 

7.9 101.6 

NA 102.5 

8.1 101.4 

8 94 

NA 103.9 

8 99.7 

8.1 108 

8.1 104.8 

NA 101.3 

8.1 %.9 

7.9 100.2 

8.1 106.4 

8.7 101.3 

NA NA 

NA NA 

7.6 112.6 

8.5 110.2 

8 118.5 

8.2 111.4 

8.3 108.7 

8.3 130.2 

7.6 120.4 

8.3 109.2 

8.4 105.2 

8.2 102.9 

8.3 113.1 

7.4 106.8 

8.2 119.2 

8 138 

7.9 134.7 

8.8 141.6 

8.7 119.3 

NA 116.2 

NA 114.7 

8_3 122.1 

8.3 132.4 

8.1 112.1 

7.6 115.4 

7.3 104.1 

8 126 

8.4 131 

8 116.2 

8.3 135.2 

7.9 110.2 

8.6 117.9 

7.8 i 120.3 

8.3 130.4 

7.8 113.6 

8 128.2 

Hydraulic Conductivity Disturbed (D) or 

"" UrnfJ.SturlJffi tm• 

2.1E-01 D 

2.5E-{)7 u 
9.3E..OO u 
9.2E-09 u 
2.0E.()6 u 
L8E-08 u 
6.IE-08 u 
l.OE-06 u 
l.4E..{)8 u 
8.7E..()9 u 
l.2E-08 u 
1.6E-08 u 
6.2E-08 u 

NA NA 

NA NA 

8.0E-04 u 
1.4E-08 u 
5.3E-04 u 
2.4E-08 u 
3.JE-06 D 

4.2E-08 D 

1.3E-05 D 

5.1E-08 u 
3.4E-06 u 
2.6E-08 u 
l.OE-04 D 

1.3E-04 D 

3.3E-07 u 
4.0E-08 u 
5.2E-08 u 
2.0E-08 u 
4.0E-08 D 

LSE-08 u 
LOE-08 u 
1.3E-08 u 
6.2E-08 u 
7.9E-09 u 
7.6E--Q7 D 

2.3E-05 D 

l.JE-07 u 
2.4E-08 u 
4.9E-07 D 

L7E-08 u 
1.8E-06 D 

2.6E-08 u 
1.5E-08 u 
8.0E-08 u 
9.4E-09 u 
1.8E-07 u 

04/04/% 

Project No. 0100.50.10 

TOC 
,.,.~., 

1000 

8700 

NA 

6800 

7800 

ND 

4700 

4000 

8700 

6000 

5900 

NA 

12000 

7200 

10000 

NA 

8200 

9400 

3400 

6100 

3000 

4100 

1400 

2100 

4700 

3000 

3000 

1900 

2300 

3000 

3600 

5200 

3800 

7400 

2800 

4900 

3700 

4000 

3000 

4500 

3000 

3400 

6500 

3600 

5200 

4400 
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EM Science RifFS 
Ciocinnati, Ohio 

TABLE 3-5, SUMMARY OF GEOTECINICAL LABORATORY DATA 

Stratigraphlt Type of """' Sampling Sample Depth Sample Elevation uses 
Unit &ri ... ~ Location Device ""' '""' '"'' Classification 

U:lwer Clay Unit (cont} Wcll Al-5 MWSOI She! T'bo 50- 52 551-553 CL-ML 

(03) MW502A Shclbv Tube 28-30 550-552 CL 

MW503 Shelbv Tube 26-28 551 - 553 CL 

MWSQSA Shelbv Tube 19-21 551 -553 CL 

MW507 Shelbv Tube 22-24 546-548 NA 

MW507 Shelbv Tube 24-26 544-546 CL 

MW508 ShelbvTube 32-34 554-556 SM 

MW508 SbclbvTube 36-37 551 -552 CL 

MW508 S !itS " 36-38 550- 552 NA 

MW508 Shelbv Tube 42-44 5445-545.0 CL-ML 

MW508 Shclbv Tube 42-44 545.2-545.5 CL 

Lower Sand Zone Lower Till Al-3 LT338 1M 64-66 533-538 SM 

(04) Vadose Zone Al-3 VZ319 1M 55-60 550-555 SM 

VZ320 1M 55. 60 550-555 SW-SM 

Well AI-3 MW31D he 63 65 546-548 SM 

Lacustrine-2 Zone Vertical E"'tent Al-5 VE508 Core 57- 62 544-549 CL-ML 

(D5) VE509 Core 64-65 542 -543 CL 

Combination Al-3 VE3llfVZ9304 1M 55- 60 549-554 SP-SM 

VE3I4fVZ323 Core 70-75 533-538 CL-ML 

Al-4 VE402fVZ407 Core 60-65 533- 5"l.8 CL 

Lower Til1 Unit Lower Till Al-l LTI06 C.re 71-75 536-538 CL 

(EO) Al-2 Ll203 Core 68- 69 542-543 CL 

Al-3 LT338 Core 78-80 528-530 CL 

Vadose Zone Al-3 VZ319 C= 70-75 535- 54(} CL 

VZ320 C= 70-75 535- 54(} CL 

Al-4 VZ405 Core 60- 65 533 -538 CL-ML 

VZ409 Core 70-75 525-530 CL 

Al-5 VZ512 Shelbv Tube 44.5 -46 531 -532.5 CL 

Vertical E"'tem Al-5 VE508 Core 62-67 539-544 CL 

VE508 C= 72 -77 529-534 CL 

VE509 Core 69.70 537.538 CL 

VE509 Core 76.77 531-532 CL 

Combination Al-3 VE309fVZ318 Core 65.70 539-544 CL 

VE310fVZ9305 Core 70.75 534-539 CL 

VE311/VZ9304 Core 80- 85 524-529 CL 

VE312fVZ9303 Core 65 -70 540-545 CL-ML 

VE313fVZ9306 Core 75 80 528-533 CL 

VE315/VZ9308 Core 80.85 521-526 CL 

VE316fVZ324 Core 70.75 533 - 538 CL-ML 

Well Al-5 MW507 SnlitSnoon 30-32 538-540 NA 

MW507 Split SJ)OOU 34- 36 534-536 CL 

MW508 s lit s " 52- 54 534- 536 CL 

Lacustrine-3 Zone Lower Till AI-l LT106 Core 83.85 526 -528 CL 

(El) 

96-5148.WK4\HYM 

Moisture Content Satunrtion Porosity 

1%' (%) (%) SoiluH 

10.7 51.4 20.8 8.4 

16.8 54.4 30.9 8.1 

15.8 52.3 30.2 8.1 

16.3 51.9 31.4 8.1 

NA NA NA NA 

14.4 49.7 29 7.6 

19.8 56.7 34.9 7.4 

14.1 51.5 27.4 8.4 

NA NA NA NA 

13.4 51.7 25.9 8.8 

19.2 51.5 33.4 8.7 

9.6 43.4 22.1 8.6 

13.2 49.8 26.5 7.7 

8.5 30.4 28 7.6 

12.1 50.8 23.8 8.4 

16.7 61.2 27.3 8.4 

16.8 46.9 35.8 8.2 

9 41.5 21.7 7.7 

17.9 57.0 31.4 8.9 

16.8 55.6 30.2 8.1 

11.1 42.4 26.2 8.5 

11.3 46.9 24.1 8.2 

11 44.4 24.8 8.5 

10.1 41.7 24.2 8.2 

10 47.4 2l.l 8.4 

10 53.8 18.6 7.8 

11.2 50.5 22.2 8 

12.4 49.6 25 NA 

17.7 59.2 29.9 8.5 

11.3 45.0 25.1 8.6 

12.7 51.8 24.5 8.1 

11.6 46.4 25 8.4 

10.5 45.7 23 8.4 

11.3 48.9 23.1 8.3 

10.4 10.1 24.2 8 

10.1 24.2 21.!1 8.7 

l0.6 42.9 ' 24.7 8.8 ' 
9.7 42.7 22.7 8.5 

14.9 54.0 27.6 8 

NA NA NA NA 

10.5 44.9 23.4 8.5 

14.3 56.7 25.2 8.5 I 

14.1 50.5 27.9 8.2 I 

! 

Bulk Density Hydn.ulic Conductivity 

.n fcm/s\ 

133.4 4.0E-08 

ll7.3 l.IE-08 

119 9.1E..09 

117.3 9.1E-09 

NA NA 

122.4 1.3E-08. 

108.1 5.6E-06 

122.9 6.7E-08 

NA NA 

126.6 8.0E-08 

113.8 2.0E-08 

137.3 3.0E-07 

122.5 2.9E-05 

121.3 3.8E-04 

129.9 2.9E-06 

124.7 6.7E-08 

110.6 3.5E-08 

132 l.OE-05 

ll6.1 3.3E-08 

117.7 7.0E-09 

126.6 UE-08 

129 9.0E-09 

126.7 UE-08 

128.6 LOE-08 

132.9 7.0E-09 

137.1 5.1E..()8 

130.6 2.7E-<19 

128.7 l.OE-08 

119.1 UE-08 

129.1 l.2E-08 

127.7 1.6E-08 

129.3 9.2E-09 

130.3 l.JE-08 

130.1 8.3E-09 

128.7 l.lE-08 

132.2 1.2E-08 

128.3 7.1E-09 

131.6 4.9E-09 

123 5.0E-07 

NA NA 

130.5 l.OE-08 

126.5 8.3E-09 

122.8 4.2E-08 

Disturbed {D) or 

Undisturbed nn• 

u 
u 
u 
u 

NA 

u 
u 
u 

NA 

u 
u 
D 

D 

D 

D 

u 
u 
D 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

NA 

u 
u 
u 

04-/04196 
Projt:ct No. 0100.50.10 

TOC 

'm•~•' 

5800 

ND 

5400 

4500 

61100 

NA 

590 

NA 

8200 

61100 

NA 

1200 

1300 

ND 

5400 

5l00 

2900 

""' 6500 

""' 3l00 

NA 

4200 

5200 

4700 

4100 

2700 

3500 

3900 

4400 

4400 

2700 

3800 

4500 

3500 

3500 

2400 

2800 

8200 

NA 

5100 

6900 
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EM Science RI/FS 
Cincinnati. Ohio 

TABL.; 3-5: SUMMARY OF GEOTECHNICAL LABORATORY DATA 

Stratigraphic 

Unit 

Norwood Trougb Sand and Gravel Unit-
Upper Nonsaturalcl ZoDC 

(Fl) 

Norwood Trough Sand and Gravel Unit~ 
Lower Saturated Zone 

/F2) 

NOTES: 

NA- Not Analyud 

USCS -Unified Soil Classification System 

TOC- Total Olganic Carbon 

Type of 

Borin 

Lower Till 

Vadose Zone 

Combination 

Lower Till 

• - Sample classified by laboratory as disrurbc:d or undisturbed for the peoneability test 

Stnuigraphlc Codes 

AO- 0' - 2' Interval 

BO-Fill 

CO- Upper Till Unit 

Cl- Upper Till Sand Seams 

01- Upper Sand Unit 

02- Lacustrine Unit 

D3 -Lower Clay Unit 

04 - Lower Sand Zone 

05 - Lacustrine 2 Zone 

EO- Lower Till Unit 

El -Lacustrine 3 Zone 

Fl -Norwood Trough Sand and Grnvel Unit -Upper Non Saturated Zone 

F2- Norwood Trough Sand and Gr.~vel Unit -Lower Saturated Zone 

96-5148.WK4\HYM 

' 

A= 

AI-l 

Al-2 

AJ-3 

AI-! 

AJ-3 

AJ~3 

uses Abbreflations 

GW- Well--graded Gr.~vel 

GP- Poorly-graded Gr.~vel 

GM - Silly Gr.~vel 

GC - Clayey Gravel 

SW- Well-graded Sand 

SP- Pootly-g!aded Sand 

SM • Silty Sand 

SC -Clayey Sand 

CL- Lean Clay 

ML-Silt 

OL- Olganic Clay/Silt 

CH- Fat Clay 

Boring 

Locati~ 

LT106 

LT106 

LT106 

LTI03 

LT203 

LT338 

LTI38 

VZ409 

VE309NZ318 

VE316NZ324 

LT338 

LT338 

Sampling 

Derice 

Ju 

1u 

Ju 

Ju 

Ju 

Cott 

Cott 

Ju 

Cott 

Core 

Ju 

Ju 

MH - Elastic Silt 

OH -Organic Clay/Silt 

PT- Peat 

CL-GM - Clayey, Silty Gr.1vel 

Sample Depth 

""' 
88- 90 

152-154 

173- 175 

79- 81 

!19 -121 

153 -155 

158-160 

90-95 

80-85 

102- 103 

176 + 178 

183-185 

CL-ML- Gravelly Silty Clay with Sand 

GW-GM- Well-graded Gravel with Silt 

GW-GC- Well-graded Gr.~.vel with Clay 

GP-GM- Poorly-graded Gravel with Silt 

GP-GS- Poorly-graded Gravel with Clay 

SC-SM - Silty. Clayey Sand with Gravel 

SW-SM- Well-graded Sand with Silt 

SW-SC- Well-graded Sand Wilh Clay 

SP-SM - Poorly-graded Sand with Silt 

SP-SC- Poorly-graded Sand with Clay 

Sample Elevation 

mslh~l 

521-523 

457 -459 

436-438 

530-532 

490-492 

453-455 

448 -450 

505-510 

524-529 

505-506 

430-432 

423-425 

uses Moisture Cuntent Saturation Poi"'Sity 

Classification 1% 1% 1% SoiloH 

SP-SM 9.6 23.5 40.9 8.7 

SM 7.6 19.0 40 8.6 

SP-SM 16.8 41.9 40.1 8.7 

SM 9.7 26.5 36.6 8.5 

SM 7.9 20.2 39.1 8.2 

ML 14.5 46.9 30.9 8.7 

ML 15.5 49.2 JL5 8.6 

SM \0.9 25.6 42.5 7.5 

SM 4.1 15.2 27 8.5 

SL-SM 9.2 42.2 21.8 8.5 

SM 11.4 29.6 38.5 8.7 

SW-SM 14.4 40.8 35.3 8.7 

Bulk Density Hydrau1ic Condudil'ity 

'""' lcmfsl 

98.9 3.9E-04 

98.9 UE-04 

99 1.2E-04 

106 1.4E..(I4 

102.3 2.4E-04 

114.7 2.3E-06 

115.1 UE-06 

%.2 2.8E..{)4 

123.1 6.9E-06 

130.1 NA 

103.6 2.9E-04 

106.5 8.5E-05 

Disturbed (D) or 

Undisturbed (U)* 

D 

D 

D 

D 

D 

u 
u 
D 

u 
NA 

D 

D 

04104/96 
Proje« No. 0100.50.10 

TOC 

/moik•l 

4200 

4900 

2500 

1500 

1900 

10000 

JJOOO 

3000 

NA 

4500 

ND 

1000 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 3-7: STATISTICAL ANALYSIS OF GEOTECHNICAL DATA 

Stratigraphic No. Statistical G111vel Sand SUI Cby 

Un1 s •• ·~ Parameter % " % % 

Upper Till Unit Jl Maximum 29.5 37.4 51.2 48.3 

(CO) Minimum 0.2 11.7 20.8 12.3 

Mean 8.8 29.4 40. I 2L8 

Median 8.7 30.8 40.1 19.6 

Standard Deviation 5.8 5.7 5.3 7.2 

----------f-- Variance 33.3 32.5 28.4 52.0 

Upper Till Sand Seams 8 Muimum 28.3 78.8 55.5 17.6 

(Cl) Minimum 0 22.4 6 3.5 

M~o 9.2 53 28.7 9.2 

Median 7.3 53.3 25.9 8.8 

Standard Deviation 9.8 20.4 19.6 5.1 

Variance 96 414.3 385.7 26.1 
-- --·-

Upf"'r Sand Unit 13 Maximum 44.9 83.5 17.5 6.5 

(OJ) Minimum 2.1 " 3.4 2.9 

Mu• 20.5 66.8 8.4 4.3 

Median 17 75.2 8.2 4 

Standard Deviation 14.6 13.8 4.3 0.9 

----· Yariance 214.1 190.2 18.6 0.9 

Lacustrine Unit " Maximum 1.6 28.8 92.4 58.2 

(02) __ Minimum 0 0 41.7 5.4 

M~o 0.1 3.2 63.6 33.0 

Median 0 0.2 63.4 33.3 

Standard Deviation 0.3 6.2 12.6 15.3 

Variance 0.1 37.9 159.3 234.7 
·---~-

Lvwer Clay Unit 41 Maximum 40.8 76.4 80.0 34.1 

(03) Minimum 0.0 0.4 5.3 3.1 

M~• 6.5 35.2 42.4 16.0 

Median 3.7 36.5 46.0 12.1 

Standard Deviation 8.9 18.5 17.4 8.5 

__ Variance -- 79,? __ _ _ HLO 303.0 72.0 

96-5150.WK41JIYM 

Moisturt Content Saturation Porosity Soil 

% " % oH 

28.8 63.3 41.0 9.0 

10.0 26.8 18,6 7.5 

14.4 49.6 28.7 8.2 

12.2 48.2 26.0 8.3 

5.0 8.5 6.3 0.4 

25.3 72.6 39.7 0.2 

IU 57.2 40.3 8.5 

10 27.7 24.6 7.7 

14.3 46 31.2 8.1 

IS 47.7 30.5 8.1 

11 113.8 24.9 0.1 

3.3 9.2 5 0.3 

19.3 67.8 35.7 9 -
9.1 39.3 22.8 7.6 

14.3 48.1 29.9 8 

14.6 46.7 32.6 7.9 

10.6 " 24.7 0.2 

3.3 8.7 5 0.5 

29.4 71.8 44.9 8.8 

16.1 43.5 29.7 7.6 

23.8 61.1 38.8 8.2 

23.7 61.6 39.1 8.1 

3.2 4.7 3.2 0.2 

10.1 n.o 10.4 0.1 

23.8 63.0 39.1 8.8 

7.8 33.1 17.0 7.4 

15.4 51.8 29.1 7.7 

15.8 52.3 30.2 8.1 

4.6 6.9 5.7 1.9 

20.9 47.9 33.1 3.4 

Bulk Density 

ocr 

137.2 

99.4 

121.1 

124.9 

10.4 

100 

129.1 

lOLl 

116.5 

117.4 

76.4 

8.7 

132 

108.7 

119 

113.7 

80 

8.9 

125.1 

94.0 

102.2 

102.9 

16.8 

280.6 

141.6 

102.9 

119.9 

1!9.0 

10.0 

99.4 

Hydrnulic Conductivity 

c Is 

3.4E 07 

J.OE-09 

2.9E-08 

!.! E-08 -· 
6.4E-08 

4.1E-15 --

4.60E-{)5 

9.60E-08 

1.40E-05 

9.70E-06 

VXJE-10 ·--
1 .70E·05 

2.10E-04 

10123/96 

Project No. 0100,50.!0 

TOC 

m•lk' 

7900 

310.0 

2840,0 

1700.0 

2057.3 

___ 42.~2559.6 

5100 

380 

2263.3 

1750 

-2~!)666.7 

1732.5 ·---

2600 ----
l.\OE-06 340 

3.80E..iJ5 944.2 

2.10E-05 795 

3.20E..iJ9 330244.7 

5.60E-OS 574.7 

3.9E-06 12000 

6.3E-09 __ 690 

2.5E-07 6200 

1.9E-08 6001) 

6.8E..iJ7 2518 

4.6E-\3 6339233 -

I.JE-04 9400.0 

7.9E..iJ9 1300 

7.26-06 41n6 

4.2E..iJ8 3800.0 

2.fE..iJ5 1969.5 

6.7E·\O 3878830.0 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE J. 7, STATISTICAL ANAL YSJS OF GEOTECIINICAL DATA 

Stratigraphic ~J 
Unit Sa 

Lower Sand Zone 

(04) 

--------

Lacustrine-2 Zone 

(05) 

lower Till Unit 

(EO) 

Norwood Trough Sand 
and Gravel Unit· Upper 

Non-Satura!f:d Zone 

(FI) 

--------'--

NOTES: 

TOC- Total Organic Carbon 

pcf ·pounds per cubic foot 

96-5150,WK4\HYM 

4 

5 

23 

10 

Statistical 

Paramet r 

Maximum 

Minimum 

Mu" 

Median 

Standard Deviation 

Variance 

Maximum 

Minimum 

Mu" 

Median 

Standard Deviation 

Variance 

Maximum 

Minimum 

Muo 

Median 

Standard Deviation 

Variance 

Muimurn 

Minimum 

Muo 

Median 

Standard Deviation 

Variance 

Gravel 

·~· ~ ~ 

42.9 62.4 

22 43.1 

30.9 53.5 

29.3 54.3 

10.5 8.2 

109.7 67.9 

37.5 55.2 

0 7.7 

7.9 18.7 

0.1 9.4 

16.6 . 20.5 

274.7 418.6 

19.7 31.4 

0.5 16.1 

8.7 26.8 

8.6 27.7 

4.7 3.9 

22.3 15.5 

10.3 90.3 

0.0 29.7 

2.1 69.7 

0.6 80.2 

3.3 21.5 

10.8 461.3 

Silt c., 
% ~ 

15.8 15.4 

4.4 1.2 

11.9 6.7 

15.5 5.1 

6.5 6.1 

42.2 37 

75.3 25.9 

61.6 7.3 

70.0 17.4 

71.6 15.7 

6.5 7.6 

41.8 57.7 

61.7 27.3 

37.2 12.4 

45.4 19.1 

44.3 19.4 

5.7 3.4 

32.1 11.4 

57.6 15.2 

5.8 1.6 

21.2 7.1 

13.7 6.7 

18.0 4.9 

325.0 23.9 

Molstun Content Saturation Porosity s.u 
~ ~ ~ I 

13.2 50.8 28 8.6 

8.5 3Q.4 22.1 7.6 . 

10.9 43.6 25.1 8.1 

10.9 46.6 25.2 8.1 

4.7 88.8 7 0.2 

2.2 9.4 2.6 0.5 

17.9 61.2 35.8 8.9 

9.0 4l.S 21.7 7.7 

15.4 52.4 29.3 8.3 

16.8 55.6 30.2 8.2 

3.6 8.0 5.2 0.4 

13.2 64.3 27.3 0.2 

17.7 59.2 29.9 8.8 

9.7 10.1 18.6 7.8 

11.7 45.4 24.3 8.3 

11.2 46.6 24.4 8.4 

2.0 10.5 2.4 0.3 

3.9 110.8 5.8 0.1 

16.8 49.2 42.5 8.7 

4.1 15.2 21.8 7.5 

10.6 31.0 35.0 8.5 

9.7 26.1 37.9 86 

3.9 12.7 6.9 0.4 

15.6 160.6 47.6 0.1 

Bulk Density 

r 

137.3 

121.3 

127.8 

126.2 

55 

7.4 

132.0 

110.6 

120.2 

117.7 

8.3 

68.7 

137.1 

119.1 

128.6 

128.9 

3.7 

14.0 

130.1 

96.2 

108.4 

104.2 

11.7 

136.9 

Hydraulic Conductivity 

' I• 

3. 80E"04 

J.OOE-07 --
l.OOE-04 . 

1.602:Q~-- --

I 

10123/96 

Project No 0100.50.10 

TOC 

mgfk~t 

. _!lQQ_______ __ 

J-------1200 ___ 

1~----
- -- _) 250- ------

3.40E-08 -- ____ 1.~---.. 
1.90E-04 70.7 

l.OE-05 1--------6500 --... -

7.0f.(l9 2900 

2.06-06 4360 

3.56--08 5300 

4.56--06 2530 . 

2.06-11 6403000 ·--

5.0E-07 8200.0 

2.7E-W 2400.0 

3.56-08 4181.0 

1.1 E.{)8 4000.0 

I.OE-07 1374.6 

1.1E-14 1889619.0 

3.9[3.{)4 11000.0 

1.7E-06 1500.0 

L4E-04 4833.3 

LZE-04 4200.0 

1.46.{)4 3423.4 

1.9E.{)8 1 !720000.0 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 3-8: SUMMARY OF BOUWER AND RICE SLUG TEST RESULTS 

Monitoring Geologic Unit of Slug Test Initial Displacement 

Well Screened Interval Method (em) 

MW13 Cl Rising 54.99 

MW31B Cl Rising 54.86 

MW51A Cl Rising 65.35 

MW26 El Fallil1£_ 34.60 

Rising 18.26 

MW29 El Falling 27.89 

Rising 43.46 

MW3IA 01 Rising 78.94 

PI 01 Rising 47.05 

MWl5B 02 Falling 118.40 

Rising 78.24 

FallirJg_: 44.75 

--f-----
Rising* 45.54 

MW3!C 02 Falling 56.30 

--· 
Rising_ 61.11 

MW502A 02 Falling __ 36.70 

Rising 37.09 
----· 
MW502B 02 Falling 28.93 

Rising 29.38 

MW503 02 Rising 34.14 

MW505A D2 Falling 52.46 

Rising 45.54 

MW505B 02 Falling 49.07 

Rising 40.39 

MW17 03 Falling 71.32 

Rising 52.43 

96-515l.WK41HYM 

Observed WeU 

Conditions 

Unconfined 

Unconfmed 

Unconfined 

Confined 

Confined 

Confined 

Confined 

Unconfined 

Unconfined 

Confined 

Confined 

Confined 

Confined 

Confined 

Confined 

Confined 

Confined 

Confmed 

Confined 

Unconfined 

Confined 

Confined 

Confined 

Confined 

Confined 

Confined 

Saturated Thickness 

of Unit 

(em) -

121.0 

213.4 

103.3 

396.2 

396.2 

152.4 

152.4 

396.2 

!46.0 

152.4 

152.4 

152.4 

152.4 

457.2 

457.2 

152.4 

152.4 

152.4 

152.4 

152.4 

152.4 

152.4 

152.4 

152.4 

152.4 

152.4 

04/03/96 

Project No. 0100.50.10 

Horizontal Hydraulic 

Conductivity 

K (em/sec) 

2.5346E-04 

l.3639E-02 

1.9908E-05 

1.2271E-03 

1.8206E-03 

7.8830E-04 ·-

6.7797E-04 

3.1398E-02 

1.4388E-03 

5.6311E-07 

3.2071E-07 

3.8844E-07 

7.6244E-08 

2.8953E-06 

2.1484E-06 

4.5485E-06 

5.7054E-06 

4.4494E-07 

2.4!06E-07 

8.8330E-06 

9.0601E-06 

8.5856E-06 

!.6373E-06 

2.8861E-06 

1.1352E-05 

1.0643E-05 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 3-8: SUMMARY OF BOUWER AND RICE SLUG TEST RESULTS 

Monitoring Geologic Unit of Slug Test Initial Displacement 

Well Screened Interval Method (em) 

MW26A 03 Falling 49.99 

Rising 48.62 
---··---

MW43A 03 Falling 72.85 

Rising 46.33 

MW31D D4 Falling 37.37 

Rising 58.58 

MWJO D5 Falling 48.56 

Rising 50.84 

NOTES: 

*Data corrected with respect to Barometric Pressure and Antecedent Trends 

96-515l.WK4\HYM 

Saturated Thickness 

Observed Well of Unit 

Conditions (em) 

Confined 304.8 

Confined 304.8 

Confined 152.4 

Confined 152.4 

Confined 152.4 

Confined 152.4 

Confined 76.2 

Confined 76.2 

04/03/96 

Project No, 0100.50.10 

Horizontal Hydraulic 

Conductivity 

K (em/sec) 

7.6937E-05 

7.7045E-05 

5.8216E-06 

3.9023E 06 

9.9331E-05 

3.8352E-04 

2.9772E-05 

2.009E-05 

Page 2 of 2 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 4-29: DIVISION OF WELLS 

,'~ __ .....;G;;;.;r;.;;o;.;;;u&p..;;I __ ____.I c..[ __ _..;;;G;.;;.r.;;;.ou;;;Jp~II;.._ _ ___.I 
MWl MW12 

MWll MW13 

MWllC MW14 

MW15B MW15 

MW17 MW16 

MW19B MW18 

MW2 MW19A 

MW20A MW23 

MW20B MW27 

MW21A MW30 
--
MW21B MW31A 

MW24 MW31B 

MW25 MW31C 

MW25A MW31D 

MW26 MW35 
f_ MW26A MW4 

MW29 MW5 

MW301 MW503 

MW41 MW504 

MW42 MW505A 

MW43A MW505B 

MW44 MW507 

MW502A MW508 

MW502B MW6 

MW506 MWS 

MW51A MW9 

Pl 

P5 

P6 

96-5138.WK4\HYM 

04/04/96 

Project No. 0100.50.10 

Page 1 of I 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 4-30: AIR MONITORING DATA 

OUTFALL 

Grab Grab Composite E23 ESS N23 

08/19/94 11113!94 11113/94 11/13/94 11113/94 11/13/94 

I, 1,1-TRICHLOROETHANE 180 5.7 ND(2.0) 0.38 ND(0.46l 0.41 

I, 1 ,2,2-TETRACHLOROETHANE NO( ISO) 3.7 ND(2.0) ND(0.34) ND(0.46) ND(0.34) 

I, I ,2-TRICHLOROETHANE ND(l80) ND(l.7) NDI2.0) ND(0.34) NDI0.46l ND(0.34) 

I, 1-DJCHLOROETHANE NO( ISO) 6.5 ND(2.0J NDI0.34l ND10.46l ND10.34) 

I ,1-DJCHLOROETHENE ND(l80) ND(J.7) ND(2.0) ND(O.J4) ND(0.46) ND(0.3.12_ 

I ,2,4-TRICHLOROBENZENE NDi350) 6.8 NDI4.0l ND(0.68) ND(0.92) ND(0.68) 

I ,2,4-TRIMETHYLBENZENE NDI!SO) 3.1 NDI2.0l 0.70 0.79 0.59 

1,2-DJBROMOETHANE ND(I80) NDIL7l ND(2.0l NDIO.J4l ND10.46l ND(0.34l 

I ,2-DICHLOROBENZENE NO( ISO) II ND(2.0) ND(0.34) ND(0.46) ND(0.34) 

1 ,2-DICHLOROETHANE 2800 6600 76 ND(0.34) ND(0.46) ND(0.34) 

I ,2-DJCHLOROPROPANE NDIJ80l ND(L7l ND(2.0) ND(0.34) ND10.46l NDI0.34l 

I ,3,5-TRIMETHYLBENZENE ND(I80) ND(L7) ND(2.0) ND(0.34) ND(0.46) ND(0.34) 

I ,]-DICHLOROBENZENE ND(l80) ND(L7) ND(2.0) ND(O.J4) ND(0_46) ND(0.34) 

I ,4-DICHLOROBENZENE ND(J80) 4.6 ND(2.01 ND(0.34) NDI0.46l ND(0.34) 

2-BUTANONE NDI880l ND(84) NDIJO) ND(l.7) ND(2.3l ND(L7) 

l:HEXANONE ND(350) ND<3.4l ND(4.0) NDI0.68l ND(0.92l NDI0.68l 

4-ETHYL TOLUENE NO( ISO) 3.2 ND(2.0) 0.58 0.61 0.51 

4:METHYL-2-PENTANONE ND(350) ND(JA) ND(4.0) ND(0.68) ND(0.92) ND(0.68) 

ACETONE ND(880) 110 34 5.3 NDI4.6) 4.6 

BENZENE 2900 4500 52 1.6 1.5 1.6 

BROMODICHLOROMETHANE ND(I80) ND(l.7) ND(2.0) ND(0.34) ND(046) ND(0.34) 

BROMOFORM ND(l80) ND(L7) ND(2.0) ND(0.34) ND(0.46) ND(0.34) 

BROMOMETHANE ND(l80) ND(L7) ND(2.0) N0(0.34) ND(0.46) ND(0.34) 

CARBON DISULFIDE NDI880l NDI84) ND(IOl NDIJ.7) NDI2.3) NDIL7l 

CARBON TETRJI..CHLORIDE 220 ND(L7) ND(2.0) ND(O 34) ND(046) ND(0.34) 

CHLOROBENZENE NDIJ80l 18 2.7 ND(0.34) NDI0.46) ND(0.34) 

CHLORODIBROMOMETHANE ND(I80) ND(L7) ND(2.0) ND(0.34) ND(0.46) ND(0.34) 

CHLOROETHANE ND(350) ND(JAl NDI4.0l NDI0.68) NDI0.92l ND(0.68) 

CHLOROFORM 13000 14000 120 0.90 NDI0.46l Ll 

~tJLOROMETHANE .. ____l'iD(350) ND(3.42__ L__ND(4.0) NDI0.68l ND(0.92)_ ___ NDI0.68l 

96-5139.WK4\HYM 

Composite Samples 

N60 SE23 W23 

11113/94 11/13/94 11/13/94 

ND!0.50l ND(0.40) 0.43 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50l NDI0.40l ND(0.41) 

ND(0.50) ND10.40l ND10.4ll 

ND(LO) ND(0.80) ND(0.82) 

4.9 0.59 0.60 

NDI0.50l NDI0.40l ND(0.41) 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50) 0.45 ND(OAI) 

NDI0.50) ND(0.40) NDI041) 

1.4 NDI0.40) ND(0.41) 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50) ND(0.40) ND(0.41) 

ND(2.5) ND(2.0) ND(2.0) 

NDILOl ND(Q.80) ND(0.82) 

4.6 0.52 0.53 

ND(l.O) ND(0.80) ND(0.82) 

7.6 5.7 5.0 

1.6 1.7 1.7 

ND(0.50) NDI0.40l ND(0.41) 

ND(0.50) ND(0.40)_ ND(0.41) 

ND(O 50) ND(0.40) ND(0.41) 

NDI2.5l ND(2.0) NDI2.0l 

ND(0.50) ND(0.40)_ ND(041) 

ND(0.50) ND(0.40) ND(041) 

ND(0.50) ND(0.40) ND(0.41) 

ND(LO) ND(0.80) ND(0.82) 

0.57 Ll 0.92 

ND(!J!L NDI0.80l NDI0.82l 

W75 

11113/94 Average 

ND(0.42) 0.31 

ND(().4~L 

ND(0.42) 

ND(0.42) 

NDI0.42l 

ND(0.84) 0.21 

2.6 0.48 

ND(0.42) 

ND10.42l 

ND(0.42) 

ND(0.42) 

0.81 0.2 -
ND(042) 

ND(0.42) 

ND(2. I) 

N0(0.84) 

2.5 

ND(0.84) 

5.1 

1.5 !.12 

ND(Q.42) 

NDI0.42l 

ND(042) 

ND(2.1) 0.24 

ND10.42) 0.15 

ND(0.42) 

NDI0.42l 

ND(0.84) 

0.46 

ND(0.84) 0.58 

04/04/96 

Project No. 0100.50.!0 

Carthage 

%Detected Range 

89% NO - 0.'!7 

0% -
0% 

0% 

0% 

II% NO -0.21 

100% 0.11-0.83 

0% 

0% 

0% ---
0% - ···-

67% NO- 0.24 

0% 

0% 

0% 

0% 

!00% 0,45- !.9 

0% 

0% 

0% 

67% ND-0.~~-

11% ND -0.15 

0% 

0% 

0% 

0% 

89% ND- 0.84 
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EM Science RIIFS 
Cincinnati, Ohio 

TABLE 4-30: AIR MONITORING DATA 

CIS-I ,2-DICHLOROETHENE 

CIS-I ,3-DJCHLOROPROPENE 

DICHLORODJFLUOROMETHANE 

ETHYLBENZENE 

FREON 113 

FREON 114 

HEXACHLOROBUTADIENE 

METHYLENE CHLORIDE 

STYRENE 

TETRACHLOROETHENE 

TOLUENE 

TRANS-I ,2-DICHLOROETHENE 

TRANS-1,3-DICHLOROPROPENE 

TRJCHLOROETHENE 

TRICHLOROFLUOROMETHANE 

VINYL ACETATE 

VINYL CHLORIDE 

M&P-XYLENE 

0-XYLENE 

XYLENES, TOTAL 

NOTES: 

Results in parts per billion (ppb) 

ND - Not Detected 

(2.0) -Reporting Limit 

96-5J39.WK4\HYM 

-

-···· 
Grab 

08/19/94 

4700 

ND(180) 

ND(\80) 

910 

390 

ND(180) 

17000 

NDII80l 

5500 

8400 

ND(l80) 

ND(180) 

4200 

ND()80) 

ND(880) 

440 

4600 

OUTFALL 

Grab 

11/13/94 

450 D 

NDI\.71 

ND(\.7) 

190 

ND(1.7l 

ND(L7) 

ND(3.4) 

2200 DE 

NDI1.7l 

58 

1400 D 

2.8 

ND(L7) 

230 

NDII.7l 

13 

ND(L7) 

570 

210 

-
Composite E23 E55 N23 

11/13/94 11/13194 11/13/94 ll/13/94 

52 ND(0.34) ND(0.46) ND(0.34) 

NDI2.0l NDI0.34) ND(0.46) ND(0.34) 

ND(2.0) ND(0.34l $ ND(0.46) $ ND(0.34) $ 

26 0.77 0.74 0.72 

ND(2.0) ND(0.34L ND(0.42]_ ND(0.34) 

ND(2.0) ND(0.34) ND(0.46) ND(0.34). 

ND(4.0) ND(0.68) ND(0.92) ND(0.68) 

180 2.6 2.3 3.7 

NDI2.0l 0.86 NDI0.46l NDIO.J4l 

8.1 0.41 ND(0.46) l.8 

150 4.7 4.1 4.6 

NDI2.0l ND(0.34l ND(0.46l NDI0.34l 

ND(2.0) ND(0.34) ND(0.46) ND(0.34) 

32 0.44 ND(0.46) 0.56 

NDI2.0l ND(0.34l ND(0.46) NDI0.34l 

ND(10) ND(L7) ND(2.3) ND(1.7) 

4.5 ND(0.34) ND(0.46) ND(0.34) 

94 3.6 2.7 2.5 

28 ND(0.34) 0,89 0.80 

Comnosite Samoles 

N60 SE23 W23 

ll/13/94 11/13/94 11/13/94 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50) $ ND{0.40) $ ND(0.41) $ 

3.0 0.74 0.73 

ND(0.50l_ ND(0.40) NDW.41) 

ND(0.50) ND(0.40) ND(0.41)_ 

ND(l.O) ND(O 80) ND(O 82) 

3.3 3.8 3.3 

NDI0.50l NDI0.40) ND(0.41) 

ND(0.50) ND(0.40) 0.43 

11 4.9 4.8 

ND(0.50l ND(0.40) ND(0.4ll 

ND(0.50) ND(0.40) ND(0.41) 

ND(0.50) 0.50 0.49 

ND(0.50) ND(0.40l ND(0.41) 

ND(2.5) NQQJ!L ND(2.0) 

ND(0.50) ND(0.40) ND(0.41) 

9.2 2.6 2.6 

3.1 0.82 0.79 

W75 

11/13/94 

ND(0.42) 

ND(0.42) 

ND(0.42) $ 

1.5 

ND!0.42) 

ND(0.4n_ 

ND(0.84) 

5.5 

2.6 

ND(0.42) 

6.0 

ND(0.42L_ 

ND(042) 

ND(0.42) 

ND(0.42) 

ND(2.1) 

ND(0.42) 

L7 -
ND(0.42) 

Average 

0.81 

0.4 

0.2 

-

0.68 

0.14 

0.16 

2.79 

-·-

0.33 

04/04/96 

Project No. 0100.50.10 

_j 

Carthage 
I 

% Detected -~---~ 

0% ---- r--------·--
0% 

89% ND- l.2 

100% 0.11 - 0.69 

78% NO- 0.25 

0% 

0% --------
100% 0.2? __ ;:_~ 

22% ND- 0.15 

56% ND- 0.2 

100% l.2- 4.4 

-----""'---~ f-----
0% 

0% -----
100% 0.28- 0.43 

-- 1-____Q_'&_ - ------- ----

0% 

1.49 100% 0.65 -. 2.4 

0.54 89% 0.23-0.88 -
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EM Science Rl!FS 
Cincinnati, Ohio 

04114/96 

Project No. 0100.50.10 

TABLE 5-4, FATE AND TRANSPORT MODELING WITH RESPECT TO THE SITE GEOLOGIC MODEL 

-----·-- I r- Fate and Transport Modeling ' Hydrostratigraphic 
System Vertical Migration Horizontal Migration 

Perched Ground Water System 
Vadose Zone SESOIL 

Break Through Time 
Perched Zone I Break Through Time AT 123D 

Perched Zone II Break Through Time AT 123D 
Confining System 

Lower Ti11 Unit Break Through Time 

96-5177.WK4\HYM Page 1 ofl 



EM Science RifFS 

TABLE 5-S: CONCENTRATIONS FOR OFFSITE RECEPTOR LOCATIONS 

Offsite Re~;eptor Location Adjacent to MWISB (Potential Future Estimated Risk) for Constituents Detected From Source Area 5 
Distance Approximately 110m to 115m 
Source Area 5 

M/141% 

Projocl No. 0!00.50. to 

~--·· 

I II l\1aJdmum Concentration at II Estimated Years From Model Runs I 
I Offsite Receptor Location 

MW35Area MW31 Area Units in Parts Per Million (Olg/_L) To Reach Receptor Locations 

I ,2-Dichloroethane I ,2-Dichloroethane l.lSE-02 
Chloroform Chloroform 4.55E-02 
Meth lene Chloride Meth lene ChlOride 1.29E-02 
I ,4--Dichlorobenzene I ,4-Dichlorobenzene 
Toluene 1.40E-OI 

1,4-Dioxane 9.75E-Ol 
Carbnn Tetrachloride 3.03E+OO 

"""""' 6.20£-02 
Hexachlorobutadiene 

Tetrachloroethane 3.58£-03 
Hexach\orobenzene -· 

I ,2-Dichloroethene I.?OE--01 
Aniline 2.22£-06 

Vin I Chloride 4.34E-03 
1, I ,2,2-Tetrachloroethane .. S.IOE-01 

Offsite Receptor Location Adjacent to MW42 (Potential Future Estimated Risk) from Constiruems Detected From Source Area 5 
Distance Approximately 144m to 149m 
Source Area 5 

I I 
:Maximum Concentration at 
Offsite Receptor Location 

MW35Area MW31 Area Units in Parts Per Million (mg!L) 

I ,2-Dichloroethane I ,2-Dichloroethane 6.99E-03 
Chloroform Chloroform 2.17E-02 
Meth lene Chloride Meth lene Chloride 7.82E-03 
Toluene -· 6.74E-02 

1 4-Dioxane B.86E-Ol 
Carbon Tetrachloride .. 1.002 

Benzene 3.65E-02 
.. Tetrachloroethane 2.11E-03 

I ,2-Dichloroethene l.l4E-Ol 
Aniline .. 1.48E-06 

Vin I Chloride 2.63E-03 
1,1 2 2-Tetrachloroethane 3.01E-Ol 

MW505 and Area (including MW507 and MW508) located along the southern property boundary. 
Distance Approximately 40m (MW508) and 60m (MW507) 

I 

Offsite Receptor Location 
Maximum Concentration at I 

Units in Parts Per Million (~-giL) 

MW507 (60m) 1,4-DioJUille l.82E-Ol 
MW508 40m) 1,4 Dioxane 2.28E-OI 

96-5084.WK4\HYM 

40v= 
40 ''" 40 ""' 
50 years 
20 "" 50 ""' 50 "" 
50 = 

60 '"' 30 "" 20 =· 50 '"' 

I 
Estimated Years From Model Runs 

To Reach Receptor Locations 

65 vears 
60 '"' 60 "" 65 = 
35 =· 65 =· 65 '~' 
65 O<n 

80 = 
45 =· 35 "" 65 "" 

I 

Estimated Yean From Model Runs 
To Reach Receptor Locations 

15 vears 
15 ears 
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EM Sc1th..,c RifFS 
Cincinnati, Ohio 

TABLE 5-6: RESULTS OF BREAKTHROUGH TIME EVALUATION FOR PRIMARY AREAS OF VOC CONTAMINATION [YEARS] 

Kd Class 
·---~-·· J I lE-04 I I I I Area of Contamination JE-05 JE-03 JE-02 lE-O! JE+OO 

Site-wide 3.60E+01 3.60E+Ol 3.60E+Ol 4.00E+01 8.00E+Ol 4.80E+02 

Middle Portion of West Ravine 2.70E+Ol 2.70E+Ol 2.70E+Ol 3.00E+Ol 6.40E+Ol 4.00E+02 

Mouth of the West Ravine 8.70E+OO 8.70E+OO 8.80E+OO 9.70E+OO 1.90E+Ol l.I4E+02 

Area South of Building IO 2.80E+OI 2.80E+OI 2.80E+OI 3.30E+OI 7.40E+OI 4.90E+02 

Area South and East of Building 4 1.20E+OI 1.20E+OI 1.20E+OI 1.40E+OI 2.50E+OI 1.44E+02 

96-5I79.WK4\HYM 

I !E+Ol I 

4.50E+03 

3.80E+03 

1.10E+03 

4.60E+03 

1.30E+03 

1E+02 

4.50E+04 

3.70E+04 

1.10E+04 

4.60E+04 

1.30E+04 

I 

04/14{96 

Project No. 0100,50.10 
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EM Science RIIFS 
Cinci~nati, Ohio 

TABLE 6-I; SUMMARY OF DETECTED ORGANIC COMPOUNDS AND SAMPLE QUANTITATION LIMITS 

Percent I Limit 
Units Maxir Detects Maximum 

Acid Extractable SVOCs 
.!,4,J·I KIL.nLVI'(1 

2,4-DlMETHYLP 
2-CHLOROPHEN 
2-METHYLPHEN 
3-METHYLPHEN __ 
4,6-DJNITR0--2 ME' 
4-METHYLPHENOI 
PHENOL 

~!Ul'
YLBI 
ENE 
YLEI 
ONE 

'HALATE 

96-5159.WK4\HYM 

" 50 

"' 

2500 
500 
500 ---, 

~ 
~ 
~ 

"' 

1600 

____llQ__ 

6600 
32000 

no I 6600 

w~--

" 6600 
)Q 13000C 
;o !3000 
0 6600 

l30 --~-

300 
600 

·~ 
6600 

'" 
~ 6600 

~ --r~ 
~ --i 
~ --i 
~ --i 
~ --i 0 --i 0 
0 --i 
0 --i 
0 --i 
0 --i 
0 --i 
0 --i 
0 

_,6600 

0 6600 
3 6600 
J 6600 

FF~n 

0. 

,, 2800 

" 
JV.J 10 ,. .~ 
21.4% 33 22000 
?'1'1<!1: " "~ 

22.3% 34 9600 
9.2% 37 450 
2.9% 42 240 
1.5% 130 10000 
. -- .. . .. 

{)4/jj{% 

l'rojool No. 0100.~.10 
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EM Science RIIFS 
Cincinnati, Ohio 

TABLE 6-J; SL'MMARY OF DETECTED ORGANIC COMPOUNDS AND SAMPLE QUANTITATION LIMITS 

Water 

Units I Rep<:~rtin Umil 
1 

I 
Minimum Maximum 

Percent I 
Detects 

0-TOLUIDINE ug/L 10 500 5% 

PENTACHLOROETHANE " IL 200 10000 1% 

PHENANTHRENE "IL 10 500 1% 
PYRENE "IL 10 500 1% 

PYRIDINE "IL 50 2500 1% 

Dioxins and Furans 
TCDDS CTOT AL} "IL 0.95 42 4.4% 

2,3,7,8-TCDD IL 0.38 8.4 3.5% 

PECDDS (TOTAL) IL 0.18 29 1.3% 

1,2,3,7,8-PECDD IL 0.18 9.2 0.4% 

HXCDDS (TOTAL) IL 0.45 27 2.6% 

1,2,3,4,7,8-HXCDD IL 0.18 32 0.4% 

1,2,3,6,7,8-HXCDD IL 0.31 30 1.3% 

1,2,3,7,8,9-HXCDD IL 0.35 26 0.9% 

HPCDDS (TOTAL) IL 0.47 53 8.7% 

1.2.3.4,6, 7,8-HPCDD IL 0.36 53 8.7% 

OCDD L 3.1 81 34.9% 

TCDFS (TOTAL) pgiL 0.29 10 5.7% 

2.3,7,8-TCDF IL 0.29 70 2.2% 

PECDFS TOTAL IL 0.31 38 2.6% 

1,2,3,7,8-PECDF IL 0.26 19 0.4% 

2,3,4,7,8 PECDF IL 0.27 25 1.3% 

HXCDFS (TOTAL) IL 0.26 21 2.6% 

1,2.3.4,7,8-HXCDF IL 0.15 21 2.2% 

1,2,3,6,7,8-HXCDF IL 0,15 47 0.9% 

1,2,3.7.8,9-HXCDF IL 0.12 7.8 0.0% 

2,3,4,6,7,8 HXCDF IL 0.12 20 0.4% 

HPCDFS (TOTAL) IL 0.26 26 5.2% 

1,2,3,4,6, 7 ,8-HPCDF IL 0.23 28 4.4% 

1,2,3,4,7,8,9-HPCDF IL 0.16 38 0.9% 

OCDF __j>giL_ 0.26 52 4.8% 

96-5!59.WK4\HYM 

1 Detected Concentrations 
Minimum Maximum 

2.0 4{) 

5.9 6.2 
3.8 5.8 
1.8 18 
17 68 

5.5 180 
7.0 34 
44 75 
28 28 
33 760 
32 32 
49 95 
65 76 
41 35110 
41 2300 
55 14000 

6.2 410 
5.7 17 
37 250 
NA NA 
31 60 
28 510 
28 5I 
33 33 
NA NA 
37 37 
34 1800 
34 850 
62 62 
56 1700 

Units I Reponing Limit 
1 

I ' 
Minimum Maximum 

ug/kg 330 6600 

"" 1600 32000 

" lk 330 660 

" lk 330 660 

" lk 1600 32000 

pgl 0.011 1.9 
I 0.058 1.5 
I 0.077 15 
I 0.044 15 
I 0.21 9.2 
I 0.045 4.5 
I 0.058 4.4 
I 0.12 4.8 
I 0.34 7.7 
I 0.27 6.1 
I 4.7 77 

oelg 0.042 0.95 
I 0.030 0.95 
I 0.047 4.6 
I 0.047 68 
I 0.043 4.9 
I 0.041 5.7 
I 0.039 7.6 
I 0.032 4.6 
I 0.027 4.5 
I 0.033 4.4 
I 0.053 3.9 
I 0.049 4.2 
I 0.035 3.4 

pg/g 0.064 9.9 

Soil 

Percent I' 
Detects 

1.0% 
20.9% 
21.4% 
22.3% 
1.0% 

31.8% 
17.8% 
3.8% 
0.6% 
18.5% 
0.6% 
8.3% 
6.4% 

47.1% 
43.3% 
89.2% 

26.8% 
16.6% 
21.7% 
1.3% 
7.6% 
17.2% 
8.9% 
3.8% 
1.3% 
3.8% 

21.7% 
20.4% 
3.2% 
19.1% 

Detected Concentrations 
Minimum Maximum 

380 760 
34 150 
41 3200 
41 8000 
160 2900 

I 160 
I 17 

5.4 200 
7.7 7.7 
5.1 780 
5.9 5.9 
5.3 42 
5.1 31 
5 1200 

5.2 720 
II 14000 

0.6 350 
I 28 

5.3 250 
8.2 IS 
5.1 35 
5.3 420 
5.6 52 
5.7 19 
5.3 6.7 
6.8 18 
5.4 1200 
5.4 320 
0.9 17 
12 2200 

041111% 

Pn>joot No. 0100.50.10 
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EM Science RI/FS 
Cincinnati, Ohio 

TARLE &-1: SUMMARY OF DETECTED ORGANIC COMPOUNDS AND SAMPLE QUANTITATION LIMITS 

I Water 

I I I 
Reportin Limit 

1 

J Percent _, 

' 
Units Minimum Maximum Detects 

PCBs 

AROCLOR-1242 ug/L 0.5 2.5 4% 

AROCLOR-1248 ' IL 0.5 50 1% 

AROCLOR-1254 ' IL 0.5 50 0% 

AROCLOR-1260 ' IL 0.5 50 0% 

\'OCs 
1.1.1-TRICHLOROETHANE u_g[L I 5000 6.8% 

I, 1,2,2-TETRACHLOROETHANE 'IL I 5000 8.6% 

1,1.2-TRICHLOROETHANE 'IL I 5000 0.0% 

1,1-D!CHLOROETHANE '/L I 5000 15.0% 

1,2-D1CHLOROETHANE ug/L I 2800 41.4% 

1,2-D1CHLOROETHENE, TOTAL 'IL I 5000 38.2% 

1,2-DJCHLOROPROPANE 'IL I 5000 2.3% 

1,4 DIOXANE " IL 100 3600000 13.6% 

2-BUTANONE " /L 10 50000 4.5% 

4-METHYL-2-PENT ANONE ' IL 10 50000 0.0% 

ACETONE ' /L 10 50000 10.5% 

BENZENE ' /L I 5000 21.8% 

CARBON DISULFIDE ' /L I 5000 0.0% 

CARBON TETRACHLOR!DE ' IL I 5000 3.6% 

CHLOROBENZENE ' /L I 5000 lA% 

CHLOROETHANE ' /L I 5000 0.5% 

CHLOROFORM ,/L I 2800 29.5% 

ETHYLBENZENE ~_g{L I 5000 4.5% 

ISOBUTYL ALCOHOL ' IL 500 2500000 0.0% 

METHYLENE CHLORIDE ' IL I 4200 13.2% 

TETRACHLOROETHENE ' /L I 5000 13:2% 

TOLUENE ' /L I 5000 12.7% 

TRICHLOROETHENE ' IL I 3600 33.2% 

VINYL CHLOR!DE 'IL I 5000 14.5% 

XYLENF..'l. TOTAL •oiL I 5llllil 5_5% 

96-.5159.WK4\HYM 

-;'•\r• 

I 

Detected Concentrationsj I 
Minimum Maximum 

0.83 230 

1.1 1.3 
NA NA 
NA NA 

38 920 

3.5 4000 
NA NA 
2.3 660 

1.3 48000 
1.0 15000 
3.9 26 
120 75000 
10 95 

NA NA 
3.6 75000 
11 12000 

NA NA 
1.8 11000 
2.0 25 
1.1 1.1 
1.4 110000 
ISO 6400 
NA NA 
1.1 110000 
1.8 1300 
1.2 55000 
1.1 19000 
1.5 4300 
160 10000 

Soil 

""'" I Reporting Limit J Percent 

Minimum Maximum Detects 

ug/kg 33 3300 3% 

'lk 33 3300 11% 
,/k 33 3300 14% 
,/k 33 3300 2% 

ug/k!! 10 180000 1.5% 

" /k 10 180000 5.3% 

'lk 10 180000 0.4% 

" /k 10 180000 1.9% 

~g./.!I:L 10 180000 24.5% 

'" 10 180000 10.2% 

" lk 10 180000 0.0% 

'" 1000 18000000 5.7% 

u /k 100 1800000 46.8% 

" 100 1800000 0.8% 

'" 100 360000 49.8% 

' /k 10 180000 15.5% 

" lk 100 1800000 10.9% 

•ik 10 180000 1.9% 

uglkg 10 180000 3.0% 

' /k 10 180000 0.0% 

'"' 10 8300 20.0% 

" lk 10 36000 7.5% 

' lk 500 8900000 0.4% 

' /k 10 180000 30.6% 

'lk 10 36000 9.8% 

" lk 10 36000 47.5% 
,/k 10 36000 17.0% 

' lk 10 180000 0.8% 

u~fk~>: 10 11i000 IO.fi% 

Detected Concentrations 
Minimum Maximum 

ISO 2700 
34 4000 

42 16000 
1300 2500 

3.5 2700 
3.5 19000 
29 29 
2 18 

2.1 140000 

2.1 6500 
NA NA 
ISO 25000 
2.1 2900 
270 1600 
4 120000 

2.4 11000 
2 530 

330 55000 

2 !ilOilO 
NA NA 
2.3 460000 
21 350000 
7100 7100 

2.1 490000 
2.4 1900000 

2 240000 
2.9 140000 

2 4 
2.1 "00000 

041111% 

Projoo;' Nn. Ql{)(l,50.111 
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EM Science RI/FS 
Cinomnau, Ohio 

TABLE 6-2: EXPOSURE ASSUMPTIONS FOR SOIL EXPOSURE PATHWAYS 

I Uni~ I 
All Pathways 

!Body Wciglu kg 70 
Timc-1 o(Q 

IE<po•ure d•y•lycruc (>) 

lngestioD of Soil 

mg/ru.y 100 (•) 

Dermal Contact with Soil 

cin Sucf,, cm2 4850 (b) 

0.01 

1nl..r>tion R•re m3/h< 2.5 (>) 
8 

(a) Standard Default Exposure Factors, U.S. EPA 1991 
(b) Dermal Exposure Assessment: Principles and Applications, U.S. EPA 1992 
(c) Exposure Factors Handbook, U.S. EPA 1989 
(d) Best Professional Judgement 
(e) Superfund Exposure Assessment Manual, U.S. EPA 1988 

,I 

(f) The noncarcinogenic averaging time is calculated by expressing the exposure duration in days. 
(g) The carcinogenic averaging time is 70 years, per US EPA 1989 (RAGS), expressed as days. 

%-5!66.WK4\HYM 

I! 0 ~ ~IT~S~·~~-:·~::., I 

36 (c) 15 (>) 36 (c) 70 (>) 

=i " iS SO ~ 
52 (d) 35' I(>) 350 (>) I 350 t•l 

100 (•) 

3330 (b) 

0.01 

1.82 (c) 2.1 (c) 1.82 (c) lo.833 r•l 
24 (>) 24 (•) 

• Wo<k«l 

(>) 

} (>) 

100(>) 

4850 (b) 

0.01 

2.5 (>) 
8 (>) 

041!4/'16 
Projoc< No. 0100.50.)0 

P•g• I <>f l 



EM Science RifFS 
Cincinnau. Ohio 

ILE 6-3: EXPOSURE ASSUMYTIONS FOR GROUND WATER EXPOSURE PATHWAYS 

I i ,~-::l ! TresE~: 
Residential Receptors 

Parameter Units 0 to 6 

All Pathways 

Body Weight kg 36 (c) 15 (a) 
Averaging Time- Noncarcinogenic (g) Days 4380 I 2190 
Averaging Time - Carcinogenic (h) I oavs 25550 i 25550 
Exposure Duration Years 12 (d) I 6 
Exposure Frequency days/year 52 (d) i 350 (a) 

Incidental Ingestion of Water 

Ingestion Rate L/day 0.05 1.25 (c) 

Dermal Contact with Water 

Skin Surface Area 820 (!) 6980 (b) 
Exp()S\Ue Time 4 (d) 0.25 (b) 

Inhalation of Contaminants From Wa tr 
Inhalation Rate m3fhr ' 1.82 (c) 2.1 (e) 
Exposure Time hr/day 4 (d) 0.25 (b) 

(a) Standard Default Exposure Factors, U.S. EPA 1991 
(b) Dermal Exposure Assessment: Principles and Applications, U.S. EPA 1992 
(c) Exposure Factors Handbook. U.S. EPA 1989 
(d) Best Professional Judgement 

Superfund Exposure Assessment Manual, U.S. EPA 1988 
_,Risk Assessment Guidance for Superfund, U.S. EPA 1989 

6 to 18 

36 
4380 
25550 

12 
350 (a) 

2 (a) 

13320 (b) 
0.25 (b) 

! 0.9 (c) 
0.25 (b) 

_lg) The noncarcinogenic averaging time is calculated by expressing the exposure duration in days. 

·.·'.·. ~:''{h) The carcingenic averaging time is 70 years, per U.S. EPA 1989 (RAGS), expressed as days. 

swsum. WK4\HYM 

Adult 

70 (a) 
10950 
25550 
30 (t) 

I 350 (a) 

2 (a) 

19400 (b) 
0.25 (b) 

0.833 (a) 
0.25 (b) 

J0/01/96 

Projecl No. 0100.57 

I ! Construction Worker I 

70 (a) 
400 

25550 
2 (a) 

I 200 (a) 

0.05 

4850 (b) 

I 8 (a) 

I 

Page 1 of 1 



EM Science RI/FS 
Cincinna~i. Oh.io 

TABLE 6-4: TOXICITY VALUES 

I ; CAS ,j; COral RID 
CHEMICAL NAME REGlSTRY# I mglkg-day 

Acid Extractable SVOCs I tetrachlorophenol, 2,3,4,6- 58-90-2 3E-02 
phenol. 2.4.5-trichloro 95-95-4 lE-01 
phenol, 2,4,6-trichloro 88-06-2 
dichlorophenol. 2,4- 120-1!3-2 3E-03 
phenol, 2,4-dimethyl 105~7-9 2E-02 
phenol, 2-chloro 95-57-8 5E-03 
methylphenol, 2- 95-48-7 5E-02 
methylphenol, 3- 108-394 5E-02 
methylphenol, 4- 106-44-5 5E-03 
phenol 108-95-2 6E-01 

Base/Neutral SVOCs 
benzene, 1,2,4-trichloro 120-82-1 !E-02 
dichlorobenzene, 1,2- 95·50·1 9E-02 
benzene. 1,3-dinitro 99~5-0 1E-04 
dichlorobenzene. I ,4- 106-46·7 
chloronaphthalene, beta- 91-58-7 8E-02 
aniline, 4-ch!oro 106-47-8 4E-03 
acenaphthene 83-32-9 6E-02 
acetophenone 98-86-2 lE-01 
aniline 62-53-3 
anthracene 120-12-7 3E-OI 
benzo( a)anthracene 56-55-3 
benzo(a)oyrene 50-32-1! 
benzo (b) fluoranthene 53-70-3 
benzo {k) fluoranthene 207-08·9 
chrysefle 218-01-9 
dibenz ( ah) anthracene 53-7().3 
indeno (1,2,3-cd) rene 193·39·5 
his (chloroethyl) ether 111-444 
phthalate, bis(2-ethylhexyl) 117-1!1-7 2E-02 
phthalate, N-butylbenzyl 85-68-7 2E-01 
phthalate, di-n-butyl 84--74-2 lE-01 
phthalate, di-n-octyl- 117-84-0 2E-02 
diethylphthalate ~-2 8E-OI 
amine, n,n-diphenyl 122-39-4 3E-02 
fluoraruhene 206-44-0 4E-02 
fluorene 86-73-7 4E-02 
hexachlorobenzene 118-74-1 8E-04 
hexachlorobutadiene 8H8·3 2E-04 
hexachloroethane 67-72-1 1E-03 
isophorone 78-59-1 2E,OI 
napthalene 91-20-3 4E-02 
nitrosodimethylamine, N- 62-75-9 
amine, N-nitrosodiphenyl- 86-30-<; 
pyrene 129-00-0 3E-02 
pyridine 110·86-1 1E-03 

Dioxins and Furans 

2,3,7 ,8-TCDD 1746-0l~ 

1,2,3,4,7,8-HXCDD 39227·28~ 

1,2,3,6.7,8-HXCDD 57653-85-7 
1,2,3,7,8,9-HXCDD 19408-74-3 
1,2,3,4,6,7,8-HPCDD 35822-46-9 
OCDD 3268-87-9 
2,3,7,8-TCDF 51207-31-9 
1,2,3,7,8-PECDF 57117-41-6 
2,3,4,7,8-PECDF 57117-31-4 
1 ,2,3,4,7 ,8-HXCDF 70648-26-9 
I ,2,3,6, 7 ,8-HXCDF 57117-44-9 
1,2,3,7,8,9-HXCDF 72918-21-9 
2,3,4,6, 7 .8-HXCDF 60851-34-5 
1 ,2,3,4,6,7 ,8-HPCDF 67562-39-4 
1,2,3,4, 7 ,8,9-HPCDF 55673-89-7 i 
OCDF 39001-02-0 

96-52l9.WK4\HYM 

I 1 

Inhalation RIC II Oral SF 
mglm3 kg-day/mg 

' 
(l) 
(1) 

l.lE-02 
(1) 
(1) 
(l) 
(l) 
(I) 
(2) 
( l) 

(1) 2E-Ol (2) 
(1) 2E-Ol (2) 
(1) 

SE-01 (1) 2.4E-02 
(1) 
(1) 
(l) 
(1) 

I E-m (1) 5.7E-03 
(1) 

7 .3E-Ol 
7.3E+OO 
7.3E-01 
7.3E-02 
7.3E-03 

7.3E+OO 
7.3E-01 
l.lE+OO 

(I) 1.4E-02 
(I) 
(1) 
(2) 
(1) 
(1) 
(1) 
(1) 
(1) 1.6E+OO 
(2) 7.8E-02 
(1) 1.4E-02 
(1) 9.5E-04 
(7) 

5.1E+01 
4.9E-03 

(l) 
(1) 

1.5E+05 
l.5E+D4 
1.5£+04 
1.5E+04 
1.5E+03 
1.5E+02 
1.5E+04 
7.5E+03 
7.5£+04 
1.5E+04 
l.5E+04 
1.5E+04 
1.5£+04 
1.5E+03 
l.5E+03 
l.5E+02 

I i 

(!) 

(2) 

(1) 

(3) 
(1) 
(3) 
(3) 
(3) 
(3) 
(3) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 

(2) 
(4) 
(4) 
(4) 
(4) 
(4) 

(4) 
(4) 
(4) 
(4) 
(4) 

(4) 
(4) 
(4) 
(4) 
(4) 

10101!96 

Project No. 0\00_5 

Inhalation SF I j Carcinogen 1 

kg--day/mg • Cl"" 

I 

l.OE-02 (2) 

c (1) 
c (1) 
C(l) 
D (1) 

D (1) 
D (1) 

D (1) 
B2 (1) 
D (1) 

B2 (I) 
B2 (1) 
c (1) 
D (1) 

D (1) 

D (I) 
D (1) 

1.6E+OO (2) B2 (1) 
7.8E-02 (2) c (1) 
l.4E-02 (2) c (I) 

5.1E+Ol (2) 
B2 (1) 
D (1) 

I.5E+05 (2) 
L5E+04 (4) 
1.5E+04 (4) 

I.5E+04 (4) 

1.5E+03 (4) 
l.5E+02 (4) 

l.5E+04 (4) 

7.5£+03 (4) 
7.5£+04 (4) 

1.5£+04 (4) 

l.5E+04 (4) 

1.5E+04 (4) 
1.5£+04 (4) 

1.5E+03 (4) 

l.5E+03 (4) 
1.5E+02 (4) 

Pagelof2 



EM Science RI/FS 
Cincinnati, Ohio 

TABLE 6-4: TOXICITY VALUES 

CHEMICAL NAME I i CAS . #II COm RID lliibaiatioi mgl.m ,3>RfC RfC:Ij -==;;=.____, I. 

In organics 
anu,;;ony 
arsenic 
barium 
beryllium 
cadmium food) 
caammm wate1 

copper 

(ill 

(VI) 

cyanide 
mercury 
nickel 
tin 

zinc 

PCBs 
aroclor 1254 

VOCs 
l 

dioxane, .4-
buranone, 2-

acorone_ 
benzene 
benzyl alcohol 
cart>on disulfide 
cart>on 1 

chloride, erhyl 

isobutyl alcohol 

1.1.2,2-
l-

,2-
.2- (mixed isomml 
1,2-

• chloride 

2-

toluene 

vinyl chloride 
xylene, mixrure 

1) IRIS 
2)HEAST 

[7440-39-3 

57-l2-5 

7440-31-5 

11097-69-l 

179-34-5 
75-34-3 

17-06-2 

78-87-5 
123-91-1 
78-93-3 

1-10-l 
64-
13-

:-6 
75-15-0 
56-23-5 
1108-90-7 
75-00-3 

167-66-3 

78-83-1 
'5-09-2 

98-95-3 
95-53-4 
127-18-4 
108-88-3 
79-01-6 
75-01-4 

4E.{)4 
I 3E.{)4 
i 7E-02 

5E-03 
lE-03 
5E.{)4 
lE+OO 
5E-03 
4E-02 
21:-0: 
31 
21:-0 
61 
7E-03 
3E-Ol 

2E-05 (l) 

lE-01 (2) 

9E-03 

6E-Ol 
8E-Ol (21 
lE-01 (I) 

3E-OI (2) 
lE-01 l) 
7E-04 1) 

2E-02 (I) 

lE-02 
lE-01 

~ 
5E-04 

lE-02 (1) 

2E-OI (1) 

2E+OO 1) 

5E.{)4 (2) 

3E-04 (21 

5E-OI 

4E-03 II 

lE+OO (2) 
SE-02 (2) 

7E-Ol (l) 

2E-02 (2) 
lE+Ol 

lE+OO (1 

3E+OO (2) 
2E-03 (2) 

4E-OI 1) 

10/01/96 

Project No. 0100.5 

Ornl SF IC' ~~l~ SFI r Ca~.;:··· ' 

.5E+OC 5.0E+Ol (2) A (l; 

4.3E+OO (I) 8.4E+OO C B2 (I) 
6.3E+OO (I) Bl (I) 

1) A 
0 

2.0E-OI (l) 2.0E-Ol (2) 

9.1E-02 9JE-02 (21 

-6.8E-02 
.lE-02 (l) 

2.9E-02 l) 2.9E-02 (2) 

1.3E-OI (I) 5.3E-02 (21 

6.1E-03 1) 8.1E-02 (2) 

7.5E-03 (1) 1.6E-O (1) 

2.4E-01 
5.2E- 151 :.OE-03 (51 

l.lE-02 (6) 6.0E-03 (6) 
l.9E+OO (2) 3.0E-01 (2) 

0 
o 

om 

c (1) 
c (1) 

B2 

B2 (2) 
B2 (1) 
0 (1) 

om 
A (1) 

B2 (1) 

om 

B2 (1) 
O(l) 

B2 (1) 
0 (1) 

B2/C (51 
om 

B2/C (6) 
A (2) 
0 (1) 

3) Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons USEPA, 1993. 
4) Interim Procedures for Estimating Risks Associated with Exposures to Mixtures of Chlorinated Dibenzo-p-Dioxins and Dibenzofurans (CDDs and CDFs) 
and 1989 Update, USEPA 1989. 
5) Risk Assessment Issue Paper for: Carcinogenicity Infonnation for Tetrachloroethylene (perchloroethy(ene, PERC) (CASRN 127-18-4) NCEA 
6) Risk Assessment Issue Paper for: Carcinogenicity lnfonnation for Trichloroethylene (TCE) (CASRN 79-0l-6) NCEA 
7) Risk. Assessment Issue Paper for: Provisional Oral RID for Napthalene (CASRN 91-20-3) NCEA 

96-5219.WK4\HYM Page 2 of2 
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EM Science RJ/FS 
Cincinnati, Ohio 

10/01196 

Pr•>J<Cl No. 0100-~. 10 

TABLE 6-5; SSPL COMPOUNDS DETECTED AND EVALUATED IN TilE BASELINE RISK ASSESSMENT 

--~ w~r -- __ _, ___ -------- .,----------s·~--·--·- -- -----· ·- ------ --

1 

Samples at Group I Grouplll Seep-562 I Seep Modeled Upper. I Middle I Mooth 
1 
I Southandl Southofl East--] Site 

the Mouth of and C Funne West West of the West East of Building 10 jRavinel Wide 

West Ravine Outfall Results Ravine Ravine Ravine Buildimz 4 

Acid Extractable SVOCs 
2 4,5-TRICHLOROPHENOL 

2,4-DIMETHYLPHENOL 
.., rur normH,;~,?,~- __ 

4,6-1 

Base/Neutral SVOCs 
1,2,4-TRICHLOROBENZENE 1 1.:u 

I ,2-DICHLOROBENZENE I 95 
1 ,3-DICHLOROBENZENE .,.. 

I ,3-DINITROBENZENE 
I ,4-DICHLOROBENZENE 
1,4-NAPHTHOQUINONE 
1-NAPHTHYLAMINE 

~HAL ENE 
rHALEf\ 
~NTHRI 

4-CHLOROANILIN 
7,12-0IMETHYLBJ 
ACENAPHTHENE 

58-7 

ACENAPHTHYLE! 
ACETOPI-I~NC'IN~ 

ANU 
~=~§::~ 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

ANTHRACENE - 120 12-7 N 

BENZO(A)ANTHRACENE 56-55-3 N_-

NO 
NO 
NO 
ND 
NO 
ND 

NO 
NO 
ND 
NO 
ND 

<D 

NO ND I ND I NM 
E NO 
E ND 
E Nl 

tNDl NM E ND 
Nn ND I ND I NM 

QE QE NO I NM 
E E N[ 

NO NO NOt NO ND NO NM 
OP ND ND I NM 

ND 

I NO I ND I NO I 

lNDlQEl NO t 
I ND I NO I NT I 

I NO I QE I QE I 

tNotNot ND I 
I ND I OF. I OE I 

1/D I NO 

NO 

QE t 
ND I 

OE I 

NO I ND 

QE 
NO 

QE 

QE 
OE 

u 
"--

tollt QE 
I ND I LT5, t 

~ 
) 

I 
QE 

I NO 

I ~g l-
L 

BENZO(A)PYRENE 50-32-8 NA NO ND ND NO NM QE QE . QE NO I Nu TQE j VI:! 

~NZO(B)FLUORANTHENE 205-99-2 NA NO E NO ND NM E E E ND NO E E 

BENZO(G,H,I)PERYLENE 191-24-2 NA ND LTS, NT ND ND NM NT NT ·- •. ..~ ··- • ·-

BENZO(KJFLUORANTHENE -.n-. non "' • ,.,,... ..,,.... ,.,..,. ,.,,. ..,_. ,.._,., ,...,., 

BENZYL ALCOHOL 

BIS(2-CHLOROETHOXY)ME 

BJS(2-CHLOROETHYL)ETHl 

BIS(2-ETHYLHEXYL)PHTHJ 
BliTYL BENZYL PHTHALA" 

iRYSENE 
~ 

DIE 
DIETH' 

MINE 
lENE 

WB 
WB 
mE 

96-5233.WK4\HYM 

53-71 

~ I o~ I 
0 AC 

NT 
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EM Science RI/FS 
Cincinnati, Ohio 

Pr<Jjec< No. OlliO_jQ_IO 

TABLE 6-5: SSPL COMPOUNDS DETECTED AND EVALUATED IN THE BASELINE RISK ASSESSMENT 

Air Water ,------·-- --- ---------~------Soil ___ ------------·----

w-Samples at Group I Group II Seep-562 Seep Modeled UpPer Middle Moulh South and I South of) I 12>< 

lhcMouthof and C Furure West West of the West East of Building 10 Ravine 

West Ravine Outfall Results Ravine Ravine Ravine Buildin~ 4 

Site 
Wide 

>OPHORONE 78-59-1 NA NO ND ND NO NM NO ND NO ND ND NO NO 

-NITROSODIMETHYLAMINE 62-75-9 NA NO NO ND ND NM NO _ __Q!; ND ND ND ND ------tfs· 
NITROSODIPHENYLAMINE 86-30-6 NA ND E ND NO NM ND- QE QE ND ND ND QE 

APBTHALENE 91-20-3 NA ND _Q!? ND ND NM ND ~ E ND E E E 
ITROBENZENE 98-95-3 NA ND ND ND ND NM NO NO NO E ND NO LT5, NT 

-TOT.II!OINF ~~~~~ ~~ ~£ N~- ~£ ~~ ~~ ~~ ~~ ND ND NT NO LTS'"NT 

!:!...!l_ l'UI ___ ___l l'IU I._I,M _!_,,I -~ / ~~ I ~ I ~~ I ~; I ~ 
PYI 

Dioxins and FW'ans 
'1 7 R.TCDD 

-PECDr 
,8-HXCI 

_ 1 8-HXCDD 

be 

lnorganics 
ANTIMONY 
ARSENIC 
BAg!UM--

UM 

·---· -
TIN 
VANADiUM 

PC 
PC 

ZINC----------

PCBs 
AROrT LIR-1?4? 

T260 

96-5233.WK4\HYM 

1746-01· 

!.:2____ 

02-( 

' . -- -- -

I 53469-2>-• I 
·OY·i ~-

--- ~6-82-S I 

LT5 @_ 

ND 

!=P ~ I 

' ' 

~ 

.... ,_ ··-

NA ND NT ND 
ND LTS, NT ND 

NA ND ND ND 
NA ND ND ND 

QE ND QE QE QE 
QE 

)!")_ ~ _Q ~ ~ 

)!")_ N 

ID T5 

{ "~ I ..... ,_ ,_ ,_ ,_ "'2 

ND NM ND NT I ND I NT I NT __ l___r;:,:_j _liT_ 

ND NM ND NT 
ND NM E E 

ND NM ND ND ND ND ND NT LT5, Nl 

Page 2 of 3 



EM Science Rl/FS 
Cincinnati, Ohio 

TABLE 6-5; SSPL COMPOUNDS DETECTED AND EVALUATED IN THE BASELINE RISK ASSESSMENT 

voc. 
1,1,1-TRICHLOROETHANE 
I, I ,2,2-TEfRACHLOROEfHANE 
I, I ,2-TRICHLOROETHANE 
1,1,2-TRICBLOR0-1,2,2-TRIFLUOROETHAN 
I, 1-DICIILOROETHANE 
1,2-DICHLOROETHANE 
1,2-DICHLOROETHENE, TOTAL 
CIS-1,2-DJCHLOROETHENE 
TRANS 1,2-DICHLOROETHENE 
I ,2-DICHLOROPROPANE 
1,2,4 TRIMETHYLBENZENE 
1,3,5 TRIMElliYLBENZENE 
I ,4-DIOXANE 
2-BUTANONE 
2 HEXANONE 
4-ETHYL TOLUENE 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
ETHYLBENZENE 
ISOBU-TYL ALCOHOL 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHENE 
fOLUENE 
TRICHLOROETHENE 
VINYL ACETATE 
VINYL CHLORIDE 
XYLENES, TOTAL 

QE - Quantitatively evaluated. 
NT - No tm:icity information available: 
ND · Not dc:tc:ctc:d. 
NA -Not analyzed. 
NM - Not modeled. 
L TS - Detected in less than 5% of the samples. 

96-5233.WK4\HYM 

-~,--Ai,- ~ Water 
~-CA Samples at Group I Group II S«p-562 

the Mouth of ,.,, 
West Ravine Outfall 

71-55-6 ND ND NT ND 
79-34-5 E ND E ND 
79..00-5 ND ND ND ND 

NT NA NA NA 
75-34-3 E ND E ND 
107-06 2 ND E E E 
.540-59-0 NA ND E ND 
1.56-59-2 ND NA NA NA 
156-60-5 ND NA NA NA 
78-87-5 ND ND QE ND 
95-63 6 ND NA NA NA 
108-67-8 ND NA NA NA 
123-91-1 ND ND QE ND 
78-93-3 ND E E ND 

ND ND ND ND 
622-96-8 ND NA NA NA 
108-10-1 ND ND ND ND 
67-64-t ND "" E ND 
71-43-2 E ND E E 

75-15--0 ND ND ND ND 
56-23-5 E ND E ND 
108-90-7 E E E ND 
75--00-3 ND ND E ND 
67 66-3 Qll QE E QE 
100-41-4 E ND E E 
78-83-1 ND ND ND ND 
75--09-2 E ND E E 
100-42-5 E ND ND ND 
127-18-4 E ND E E 
108-88-3 E QE E E 

79--01-6 ND ND E ND 
108--05-4 E ND ND ND 
75-01-4 E ND E ND 

1330-20-7 ND ND E ND 

''"•'" 

""' c 

ND 
E 

ND 
NA 

E 
ND 
ND 
NA 
NA 
ND 
NA 
NA 
ND 
ND 
ND 
NA 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
QE 
ND 
ND 
QE 
ND 

E 
ND 

E 
ND 
ND 
ND 

- ----- --- - ___ .. _______ ·--son-- ---
Modeled Upper Middle Mouth Soothond South of 

Fublre West West of the: West East of Building 10 

Results Ravine Ravine: Ravine Building 4 

NM ND ND ND NT NT 

E ND E E E E 

NM ND QE ND ND ND 
NM NA NA NA NA NA 
NM ND ND QE ND ND 

E ND E E E E 

E QE E E E E 

NM NA NA NA NA NA 
NM NA NA NA NA NA 
NM ND ND ND ND ND 
NM NA NA NA NA NA 
NM NA NA NA NA NA 
~E ND ND E E 

NM E E E E E 

ND ND ND ND ND ND 
NM NA NA NA NA NA 
NM ND ND ND E ND 
NM E E _QE E _QE 

E E E E E E 

NM ND E E ND ND 

~ ND E ND QE ~ 
NM E E E ND E 

NM ND ND ND ND ND 
QE QE QE QE QE QE 

NM ND E E E E 

NM ND ND ND ND ND 
QE QE QE QE QE E 

NM ND ND ND ND ND 
E QE E E E E 

E E QE QE QE E 

NM E E E E E 

NM ND ND ND ND ND 
E ND E E ND ND 

NM ND E E E E 

- -----

'"'" Ravine: 

ND 
E 

ND 
NA 
QE 

E 
E 

NA 
NA 
ND 
NA 
NA 

E 
E 

ND 
NA 
ND 
Q~ 

E 
E 

ND 
ND 
ND 
ND 

E 
E 
E 

ND 
E 

QE 
E 

ND 
ND 

-"" 

1()101196 

Pro)«! N<l. (1100.'>0. 10 

Site 
Wide 

LT5, NT 
QE 
LTS 
NA 
LTS 
QE 

E 
NA 
NA 
ND 
NA 
NA 

_<lL_ 
QL__ 
ND 
NA 
LTS 
Q~ 
QE 

E 
QE 

E 
ND 

E 
E 

LTS 
E 

ND 

-§~ 
E 

NC 
LT> 
QE 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 6-6' SUMMARY OF RISK RESULTS FOR EXPOSURE TO GROUP I GROUND WATER 

Residential Receptor - Age 0 to 6 Years 
Total Risks by Contaminant Group and Pathways 

I Ingestion II Dennal Contact I 
I HI I ELCR HI ' ELCR 

·~~ ~ Acid Extractable SVOCs 5.55E-04 O.OOE+OO 4.26E-06 O.OOE+OO 
Base/Neutral SVOCs 1.94E-1l2 1.02E-05 8.92E-04 4.65E-1l8 
Dioxins and Furans O.OOE+OO 5.62E-07 O.OOE+OO 8.44E-07 
lnorganics 8.23E+00 7.71E-05 1.15E-02 1.08E-1l7 
VOCs 2.88E-1l2 1.11E-1l6 6.49E-04 8.45E-1l9 
Total 8.28E+00 8.89E-05 1.30E-1l2 1.01E-1l6 

Percent Risk by Contaminant Group and Pathway 

Ingestion I HI ELCR I Dermal Contact I Inhalation 
HI ELCR HI ELCR 

Acid Extractable SVOCs Oro Oro UOo Oro Oro Oro 
Base/Neutral SVOCs 0% 11% 0% 0% 0% 0% 
Dioxins and Furans 0% 1% 0% 1% 0% 0% 
Inorganics _ 99% 82% 0% 0% 0% 0% 
VOCs 0% 1% 0% 0% 0% 4% 
Total 100% 95% 0% 1% 0% 4% 

Residential Receptor - Age 7 to 18 Years 
Total Risks by Contantinant Group and Pathways 

i 
Ingestion I Dermal Contact I HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 3.70E-04 O.OOE+OO 3.39E-1l6 O.OOE+OO 
Base/Neutral SVOCs 1.94E-1l2 1.02E-1l5 8.92E-04 4.65E-1l8 
Dioxins and Furans O.OOE+OO 7.51E-07 O.OOE+OO 1.34E-1l6 ~ lnorganics 5.48E+OO 1.03E-04 9.12E-1l3 1.71E-07 
VOCs 1.92E-1l2 1.50E-1l6 5.16E-04 1.35E-1l8 1.00 :+• 
Total 5.52E+OO 1.15E-04 1.05E-1l2 1.57E-1l6 lXJ :+• 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact I Inhalation 
HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 0% 0% 0 0 0% 0% 0% 
Base/Neutral SVOCs 0% 9% 0% 0% 0% 0% 
Dioxins and Furans 0% 1% 0% 1% 0% 0% 
Inorganics 99% 88% 0% 0% 0% 0% 
VOCs 0% 1% 0% 0% 0% 0% 
Total 100% 99% 0% 1% 0% 0% 

9&-5168.WK4\UYM 

I 

04/10/96 

Project No. 0100.50.10 

Total l 
HI ELCR I 

5.59E-04 O.OOE+OO 
2.02E-1l2 1.02E-05 

O.OOE+OO 1.41E-1l6 
8.24E+OO 7.72E-1l5 
4.80E-02 4.68E-06 
8.31E+OO 9.35E-1l5 

Total 
HI ELCR 

0 0 0 0 

0% 11% 
0% 2% 
99% 83% 
1% 5% 

Total 
HI ELCR 

3.73E-04 O.OOE+OO 
2.02E-02 1.02E-1l5 

O.OOE+OO 2.09E-1l6 
5.49E+OO 1.03E-04 
1.97E-1l2 1.51E-1l6 

5.53E+OO 1.17E-04 

Total 
HI ELCR 

0 0 0% 
0% 9% 
0% 2% 
99% 88% 
0% 1% 

I 

I 

I 
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EM Science RI/FS 
Cincinnati. Ohio 

TABLE 6-6: SlJMI\tlARY OF RISK RESULTS FOR EXPOSURE TO GROUP I GROUND WATER 

Residential Receptor - Adnlt 
Total Risks by Contaminant Group and Pathways 

,-1 --~ lngestio~L~;--~ r Dennal Contact 
HI I ELCR 

Acid Extractable SVOCs 1.90E-04 O.OOE+OO 2.54E-06 O.OOE+OO 
Base/Neutral SVOCs 6.64E-03 1.75E-05 5.31E-04 1.39E-07 
Dioxins and Furans O.OOE+OO 9.65E-07 O.OOE+OO 2.52E-06 
Inorganics 2.82E+OO 1.32E-04 6.83E-03 3.20E-07 
VOCs 9.86E-03 1.92E-06 3.86E-04 I 2.52E-08 
Total I 2.84E+OO I 1.52E-04 7.75E-03 I J.OOE-06 

Percent Risk by Contaminant Group and Pathway 

i Ingestion 

I I 
Dermal Contact 

HI ELCR HI ELCR 
Acid Extractable SVOCs 0 0 0 0 07o 07o 
Base/Neutral SVOCs 0% 11% 0% 0% 
Dioxins and Furans 0% 1% 0% 2% 
Inorganics 99% 84% 0% 0% 
VOCs 0% 1% 0% 0% 
Total 100% 97% 0% 2% 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact 
HI ELCR m ELCR 

Acid Extractable SVOCs 6.96E-05 O.OOE+OO 1.16E-05 O.OOE+OO 
Base/Neutral SVOCs 2.43E-03 4.25E-07 2.43E-03 4.23E-08 
Dioxins and Furans O.OOE+OO 2.35E-08 O.OOE+OO 7.65E-07 
Inorganics 1.03E+OO 3.22E-06 3.12E-02 9.76E-08 
VOCs 3.61E-03 4.67E-08 1.77E-03 7.67E-09 
Total 1.04E+OO 3.72E-06 3.54E-02 9.13E-07 

Percent Risk by Contaminant Group and Pathway 

Acid Extractable SVOCs 
Base/Neutral SVOCs 
Dioxins and Furans 
Inorganics 
VOCs 
Total 

96-5!68.WK4\HYM 

I HI 
0% 
0% 
0% 
96% 
0% 
97% 

Ingestion 
ELCR 

Ol> 
9% 
1% 

70% 
1% 

80% 

I Dermal Contact 
HI ELCR 

0% 0% 
0% 1% 
0% 17% 
3% 2% 
0% 0% 
3% 20% 

II Inhalation 
HI ELCR 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
2.30E-03 1.52E-06 

i 2.30E-03 1.52E-06 

I I Inhalation 
HI ELCR 

0 0 0 0 

0% 0% 
0% 0% 
0% 0% 
0% 1% 
0% 1% 

Total 
HI ELCR 

8.12E-05 O.OOE+OO 
4.86E-03 4.68E-07 

O.OOE+OO 7.89E-07 
1.06E+OO 3.32E-06 
5.38E-03 5.44E-08 
1.07E+OO 4.63E-06 

~-

Total 
HI ELCR 

0% 0% 
0% 10% 
0% 17% 
99% 72% 
1% 1% 

04/10/96 

Project No. 0100.50.10 

I Total i i HI ELCR I 
1.93E-04 O.OOE+OO 
7.17E-03 1.76E-05 

O.OOE+OO 3.49E-06 
2.83E+OO 1.32E-04 
1.25E-02 3.47E-06 

2.85E+OO 1.57E-04 

Total I 
HI ELCR I 

' 07o 0 0 

0% 11% 
0% 2% 
99% 84% 
0% 2% 

I 

I 
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EM Science RI/FS 
Cincinnati, Ohio 

TABLE 6-7: SUMMARY OF RISK RESULTS FOR EXPOSURE TO GROUP II GROUND WATER 

Residential Receptor - Age 0 to 6 Years 
Total Risks by Contaminant Group aud Pathways 

Percent Risk by Contaminant Group and Pathway 

Ingestion ~~ I Dermal Contact I r-HI ELCR HI I ELCR HI 
Acid Extractable SVOCs 2% 0% 0% 0% 0% 
Base/Neutral SVOCs 2% 3% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 
Inorganics 2% 0% 0% 0% 0% 
VOCs 91% 39% 2% 0% 1% 
Total 96% 42% 2% 0% 1% 

Residential Receptor - Age 7 to 18 Years 
Total Risks by Contaminant Group and Pathways 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact I HI ELCR HI ELCR HI 

Acid Extractable SVOCs 2% 0% 0% 0% 0% 
Base/Neutral SVOCs 2% 3% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 
Inorganics 2% 1% 0% 0% 0% 
VOCs 91% 53% 3% 1% 1% 
Total 96% 57% 3% 1% 1% 

96-5169.WK4\HYM 

Inhalation 
ELCR HI 

0% 2% 
0% 2% 
0% 0% 
0% 2% 
57% 95% 
57% 

Inhalation II ELCR HI 

0% 2% 
0% 2% 
0% 0% 
0% 2% 
42% 95% 
42% 

04/10/96 

Project No. 0100.50.10 

Total 
ELCR 

0% 
3% 
0% 
0% 
97% 

Total 
ELCR 

0% 
4% 
0% 
1% 

96% 

! 
1 

I 

I 
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EM Science RI/FS 
Cincinnati. Ohio 

TABLE 6-7: SUMMARY OF RISK RESULTS FOR EXPOSURE TO GROUP II GROUNDWATER 

Residential Receptor - Adnlt 
Total Risks by Contaminant Group and Pathways 

Percent Risk by Contaminant Group and Pathway 

r Ingestion I~ Dermal Contact I HI ELCR HI ELCR HI 

Acid Extractable SVOCs 2% 0% 0% 0% 0% 
Base/Neutral SVOCs I% 5% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 
lnorganics 2% 1% 0% 0% 0% 
VOCs 91% 69% I 3% 1% 0% 
Total 96% 74% I 3% I 1% 0% 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Percent Risk by Contaminant Group and Pathway 

Ingestion I! Dermal Contact I HI I ELCR HI ELCR HI 

Acid Extractable SVOCs 1% 0% 0% 0% 2% 
Base/Neutral SVOCs 1% 5% 1% 1% 2% 
Dioxins and Furans 0% 0% 0% 0% 0% 
Inorganics 1% 1% 0% 0% 1% 
VOCs 63% 76% 32% 17% 95% 
Total 66% 81% 34% 19% 

96-5169.WK4\HYM 

Inhalation I ELCR 

0% 
0% 
0% 
0% 
25% 
25% 

Total I ELCR 

0% 
6% 
0% 
1% 

93% 

HI 

2% 
1% 
0% 
2% 
95% 

04110{96 

Project No. 0!00.50.!0 

Total 
ELCR 

0% 
5% 
0% 
1% 

95% 

I 
I 
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EM Science Rl/FS 
Cinc:inflllti, Ohio 

TABLE 6-8: SUMMARY OF RISK RESULTS FOR EXPOSURE OF lRESPASSERS TO SURFACE WATER 

Seep-562 and Outfall 
Total Risks by Contaminant Group and Pathways 

Percent Risk by Contaminant Group and Pathway 

! Ingestion I Dermal Contact w Inhalation 
HI ELCR HI ELCR HI ELCR 

Base/Neutral SVOCs 13% 0% 1% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 0% 
Inorganics 82% 56% 1% 1% 0% 0% 
VOCs 2% 26% 1% 4% 1% 14% 
Total 96% 82% 3% 5% 1% 14% 

84-INCH SEWER 
Total Risks by Contaminant Group and Pathways 

HI 
VOCs 

96-5170.WK4\HYM 

I HI 
14% 
0% 
83% 
3% 

04-/10/96 
Project No. 0100.50.10 

Total 
I ELCR 

0% 
0% 
56% 
43% 

I 
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EM Science RifFS 
Cincinnati, Ohio 

04/10/96 
Project No. 0100.50.10 

TABLE 6-9: SUMMARY OF RISK RESULTS FOR EXPOSURE TO FUTURE GROUND WATER AT THE EASTERN PROPERTY BOUNDARY 

Residential Receptor - Age 0 to 6 Years 
Total Risks by Contaminant Group and Pathways 

Ingestion II Dermal Contact I I 
---

Inhalation II l i Total 
HI ! ELCR HI I ELCR HI I ELCR HI ELCR 

Base/Neutral SVOCs O.OOE+OO 8.69E-11 O.OOE+OO 2.66E-13 2.82E-04 O.OOE+OO 2.82E-04 8.72E-11 
VOCs 3.48E+02 4.12E-03 1.06E+OI 9.31E-05 3.67E-02 4.29E-03 3.59E+02 8.50E-03 
Total 3.48E+02 4.12E-03 1.06E+01 9.31E-05 3.70E-02 4.29E-03 3.59E+02 8.50E 03 

Percent Risk by Contaminant Group and Pathway 

Ingrstion I' Dermal Contac;~ Inhalation II Total I 

HI ELCR HI ELCR HI ELCR HI ELCR I 
Base/Neutral SVOCs 0% 0% 0% 0 ' Oro 0% 0% 0% 
VOCs 97% ; 48% 3% 1% 0% 50% I 100% 100% 
Total 97% I 48% 3% 1% 0% 50% 

ReSidential Receptor - Age 7 to 18 Years 
Total Risks by Contaminant Group and Pathways 

Ingestion II Dermal Contact I Inhalation I Total 

I HI ELCR HI I ELCR HI ELCR HI ELCR 
Base/Neutral SVOCs O.OOE+OO 1.16E-10 O.OOE+OO 4.23E-13 1.48E-04 O.OOE+OO 1.48E-04 1.16E-10 
VOCs 2.32E+02 5.50E-03 8.47E+OO 1.48E-04 1.93E-02 3.10E-03 2.40E+02 8.75E-03 
Total 2.32E+02 5.50E-03 8.47E+OO 1.48E-04 1.94E-02 3.10E-03 2.40E+02 8.75E-03 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact I Inhalation I Total I HI ELCR HI ELCR HI ELCR HI ELCR ' Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 0% 0% 
VOCs 96% 63% 4% 2% 0% 35% 100% 100% 
Total 96% 63% 4% 2% 0% 35% 

Residential Receptor - Adult 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact II Inhalation I Total 

1 
HI ELCR HI ELCR HI ELCR HI ELCR 

Base/Neutral SVOCs O.OOE+OO 1.49E-10 O.OOE+OO 7.93E-13 3.49E-05 O.OOE+OO 3.49E-05 1.50E-10 
VOCs 1.20E+02 7.08E-03 1.69E-02 2.77E-04 4.58E-03 1.13E-03 1.20E+02 8.49E-03 
Total 1.20E+02 7.08E-03 1.69E 02 2.77E-04 4.61E-03 1.13E-03 1.20E+02 8.49E-03 

Percent Risk by Contaminant Group and Pathway 

! Ingestion ~~· Dermal Contact I Inhalation II Total I HI I ELCR , HI ELCR HI ELCR HI ELCR 
Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 0% 0% 
VOCs 100% 83% 0% 3% 0% 13% 100% 100% 
Total 100% 83% 0% 3% 0% 13% 

Cf6..517l.WK4\HYM Page 1 of! 



EM Science RifFS 
Cincinnati, Obio 

TABLE 6~HJ: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN THE 
UPPER PORTION OF TilE WESTRA VINE 

Commercial/Industrial Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion 1 ~-·-Dermal Contact ~l Inhalation 
m ELCR ; ill ELCR m ELCR 

_Acid Extractable SVOCs 3.82E-07 O.OOE+OO 2.96E-06 O.OOE+OO O.OOE+OO O.OOE+OO 
Base/Neutral SVOCs 1.90E-05 9.88E-07 1.48E-04 6.13E-07 O.OOE+OO O.OOE+OO 
Dioxins and Furans O.OOE+OO 3.03E-07 O.OOE+OO 1.88E-07 O.OOE+OO 4.77E-09 
Inorg:anics 3.72E-02 5.33E-06 2.89E-02 3.31E-07 5.84E-03 2.35E-06 
PCBs 2.69E-03 O.OOE+OO 2.09E-02 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 9.95E-06 S.OJE-10 1.08E-02 1.37E-07 2.21E-09 1 04E-11 
Total 3.99E-02 6.62E-06 6.07E-02 1.27E-06 5.84E-03 2.35E-06 

Percent Risk by Contaminant Group and Pathway 

Ingestion .. l Dermal Contact II, Inhalation 
m ELCR , m ELCR m ELCR 

Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 
Base/Neutral SVOCs 0% 10% 0% 6% 0% 0% 
Dioxins and Furans 0% 3% 0% 2% 0% 0% 
Inorganics 35% 52% 27% 3% 5% 23% 
PCBs 3% O% 20% 0% 0% 0% 
VOCs 0% 0% 

I 
10~ ~~ 0% 0% 

Total 37% 65% 57% I 12% 5% 23% 

Trespasser Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion J Dermal Contact I Inhalation 
m ELCR m ELCR m ELCR 

Acid Extractable SVOCs 3.09E-07 O.OOE+OO 5.29E-07 O.OOE+OO O.OOE+OO O.OOE+OO 
Base/Neutral SVOCs 1.54E-05 3.83E-07 2.64E-05 6.56E-07 O.OOE+OO O.OOE+OO 
Dioxins and Furans O.OOE+OO 1.18E-07 O.OOE+OO 2.02E-07 O.OOE+OO 4.63E-10 
Inorganics 3.01E-02 2.08E-06 5.15E-03 2.65E-07 5.84E-03 2.35E-06 
PCBs 2.18E-03 O.OOE+OO 3.73E-03 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 8.05E-06 1.94E-10 1.92E 03 1.47E-07 O.OOE+OO 0 OOE+OO 
Total 3.23E-02 2.58E-06 1.08E-02 1.27E-06 5.84E-03 2.35E-06 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact II Inhalation 
m ELCR m ELCR m ELCR 

Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 
Base/Neutral SVOCs 0% 6% 0% 11% 0% 0% 
Dioxins and Furans 0% 2% 0% 3% 0% 0% 
Inorganics 61% 33% 11% 4% 12% 38% 
PCBs 4% 0% 8% 0% 0% 0% 
VOCs 0% 0% 4% 2% 0% 0% 
Total 66% 42% 22% 20% 12% 38% 

96-5l55A.WK4\HYM 

I 
' 

I 

04114196 
Project No. 0100.50.10 

m 
Total l 

ELCR 
3.34E-06 O.OOE+OO 
1.67E-04 1.60E-06 

O.OOE+OO 4.96E-07 
7.19E-02 8.01E-06 
2.36E-02 O.OOE+OO 
1.08E-02 1.37E-07 
1.06E-01 1.02E-05 

Total 
I m ELCR 

0% 0% 
0% 16% 
0% 5% 
68% 78% 
22% 0% 
10% 1% 

Total J m ELCR 
8.38E-07 O.OOE+OO 
4.18E-05 1.04E-06 

O.OOE+OO 3.20E-07 
4.11E-02 4.69E-06 
5.91E-03 O.OOE+OO 
1.93E-03 1.47E-07 
4.90E-02 6.20E-06 

~- Total 

' m ELCR 
0% 0% 
0% 17% 
0% 5% 
84% 76% 
12% 0% 
4% 2% 

I 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 6-10: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN TilE 
UPPER PORTION OF THE WEST RAVINE 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

I Ingestion I Dermal Contact I ' m ELCR m ELCR 

~0 0~ Acid Extractable SVOCs 3.05E-07 O.OOE+OO 2.96E 06 O.OOE+OO 
Base/Neutral SVOCs 1.52E·D5 6.32E·08 1.48E·04 6.13E-07 
Dioxins and Furans O.OOE+OO 1.94E·08 O.OOE+OO 1.88E·07 DO 4.19E·ID 
Inorganics 2.97E-02 3.42E-07 2.89E-02 3.3\E-07 6.41E·03 2.07E-07 
.PCBs 2.!5E·03 O.OOE+OO 2.09E-03 O.OOE+OO 
VOCs 7.96E·06 3.20E·ll 1.08E.Q2 1.37E·07 2.21E.Q9 1.04E·ll 
Total 3.19E·02 4.25E.Q7 4.19E-02 1.27E·06 

Percent Risk by Contaminant Group and Pathway 

Ingestion II Dermal Contact I Inhalation : m ELCR m ELCR m ELCR 
Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 
Base/Neutral SVOCs 0% 3% 0% 32% 0% 0% 
Dioxins and Furans 0% 1% 0% 10% 0% 0% 
Inorganics 37% 18% 36% 17% 8% 11% 
PCBs 3% 0% 3% 0% 0% 0% 
VOCs 0% 0% 13% 7% 0% 0% 
Total 40% 22% 52% 67% 8% II% 

96-5\55A.WK41HYM 

04/14/96 

Project No. 0100.50.10 

Total l m ELCR 
3.27E·06 O.OOE+OO 
1.63E·04 6.76E·07 

O.OOE+OO 2.08E-07 
6.50E.02 8.80E.Q7 
4.24E·03 O.OOE+OO 
1.08E·02 1.37E.Q7 
8.02E·02 1.90E·06 

,.... 
Total J m ELCR 

0% 0% 
0% 36% 
0% 11% 
81% 46% 
5% 0% 
13% 7% 
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EM Science RI/FS 
Cincinnati, Ohio 

04/12/96 
Project No. 0100.50.10 

BLE 6-11: SUMMARY OF RISK RESULTS FROM EXPOSURE OF REASONABLE 
MAXIMUM EXPOSURE (RME) OFF-SITE RECEITORS TO EMISSIONS FROM 
THE SOIL/FILL 

Upper Portion of the West Ravine 
Total Risks by Contaminant Group 

i 0 to 6 Years Old 
Inhalation 

m ELCR 
Inorganics 3.09E-01 2.99E-05 
VOCs 1.48E-07 1.70E-10 

6 to 18 Years Old 
Inhalation 

m I ELCR 
1.11E-01 2.16E-05 
5.32E-08 1.22E-10 

Dioxins and Furans O.OOE+OO 6.04E-08 O.OOE+OO 4.36E-08 
Total 3.09E-01 3.00E-05 

Percent Risk by Contaminant Group 

0 to 6 Years Old 

I 
Inhalation 

m ELCR 
Inorganics 100% 100% 
VOCs 0% 0% 
...,.ioxins and Furans 0% 0% 

Middle Portion of the West Ravine - Current Scenario 
Total Risks by Contaminant Group 

0 to 6 Years Old 
Inhalation 

m ELCR 
Inorganics 3.09E-01 2.99E-05 
VOCs 3.34E-03 6.42E-05 
Dioxins and Furans O.OOE+OO 6.25E-08 
Total 3.12E-01 9.41E-05 

Percent Risk by Contaminant Group 

I 

0 to 6 Years Old 

I I Inhalation 
i HI ELCR 

lnorganics 99% 32% 
VOCs 1% 68% 
Dioxins and Furans 0% 0% 

l.llE-01 2.16E-05 

6 to 18 Years Old 
Inhalation 

m ELCR 
100% 100% 
0% 0% 
0% 0% 

6 to 18 Years Old 
Inhalation 

m ELCR 
l.llE-01 2.16E-05 
1.21E-03 4.63E-05 

O.OOE+OO 4.51E-08 
1.12E-01 6.80E-05 

6 to 18 Years Old 
Inhalation 

m ELCR 
99% 32% 
1% 68% 
0% 0% 

I 
Adult 

Inhalation 
m ELCR 

2.62E-02 1.27E-05 
1.25E-08 7.23E-11 

O.OOE+OO 2.57E-08 
2.62E-02 1.27E-05 

Adult 
Inhalation 

m ELCR 
100% 100% 
0% 0% 
0% 0% 

Adult 
Inhalation 

m ELCR 
2.62E-02 1.27E-05 
2.84E-04 2.73E-05 

O.OOE+OO 2.65E-08 
2.65E-02 4.00E-05 

Adult 
Inhalation 

m I ELCR 
99% 32% 
1% 68% 
0% 0% 

' 

I 
• 
I 
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EM Science RI/FS 
Cincinnati. Ohio 

04/12/96 
Project No. 0100.50.10 

illLE 6-11: SUMMARY OF RISK RESULTS FROM EXPOSURE OF REASONABLE 
MAXIMUM EXPOSURE (RME) OFF-SITE RECEPTORS TO EMISSIONS FROM 
THE SOIL/FILL 

Middle Portion of the West Ravine - Future Scenario 
Total Risks by Contaminant Group 

0 to 6 Years Old 
Inhalation 

HI ELCR 
Inorganics 3.09E-01 2.99E-05 
VOCs l.lOE-02 2.15E-04 
Dioxins and Furans ' O.OOE+OO 6.25E-08 
Total 3.20E-01 2.45E-04 

Percent Risk by Contaminant Group 

I 
0 to 6 Years Old 

Inhalation 
m ELCR 

Inorganics 97% 12% 
VOCs 3% 88% 
Oioxins and Furans 0% 0% 

Mouth of the West Ravine- Current Scenario 
Total Risks by Contaminant Group 

0 to 6 Years Old 
Inhalation 

m ELCR 
Base/Neutral SVOCs O.OOE+OO 7.87E-09 
Inorganics 3.09E-01 2.99E-05 
VOCs 6.51E-08 1.52E-09 
Dioxins and Furans O.OOE+OO 2.32E-08 
Total 3.09E-01 2.99E-05 

Percent Risk by Contaminant Group 

0 to 6 Years Old 
Inhalation 

m ELCR 
Base/Neutral SVOCs 0% 0% 
Inorganics 100% 100% 
''OCs 0% 0% 
Jioxins and Furans 0% 0% 

I 
I 

r 

I 
I 
I 

6 to 18 Years Old 
I Adult 

Inhalation 
I 

Inhalation 
m ELCR m ELCR 

1.11E-01 2.16E-05 2.62E-02 1.27E-05 
3.98E-03 l.SSE-04 9.37E-04 9.14E-05 

O.OOE+OO 4.51E-08 O.OOE+OO 2.65E-08 
l.lSE-01 1.77E-04 2.71E-02 1.04E-04 

6 to 18 Years Old Adult 
Inhalation Inhalation 

m ELCR m ELCR 
97% 12% 97% 12% 
3% 88% 3% 88% 
0% 0% 0% 0% 

6 to 18 Years Old Adult 
Inhalation Inhalation 

m ELCR m ELCR 
O.OOE+OO 5.68E-09 O.OOE+OO 3.35E-09 
l.llE-01 2.16E-05 2.62E-02 1.27E-05 
2.35E-08 l.llE-09 5.54E-09 6.48E-10 

O.OOE+OO 1.67E-08 O.OOE+OO 9.85E-09 
1.11E-01 2.16E-05 2.62E-02 1.27E-05 

6 to 18 Years Old 

I 

Adult 
Inhalation Inhalation 

m ELCR m ELCR 
0% 0% 0% 0% 

100% 100% 100% 100% 
0% 0% 0% 0% 
0% 0% 0% 0% 

I 
I 

' 

I 
' 

I 

I 
I 
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EM Science RifFS 
Cincinnati:, Ohio 

04/12/96 
Project No. 0100.50.10 

"JLE 6-11: SUMMARY OF RISK RESULTS FROM EXPOSURE OF REASONABLE 
MAXIMUM EXPOSURE (RME) OFF-SITE RECEPTORS TO EMISSIONS FROM 
THE SOIL/FILL 

Mouth of the West Ravine -Future Scenario 
Total Risks by Contaminant Group 

r 0 to 6 Years Old 

I Inhalation 
I m I ELCR 

Base/Neutral SVOCs O.OOE+OO. 7.87E-09 
Inorganics 3.09E-01 2.99E-05 
VOCs 2.72E-05 7.21E-07 
Dioxins and Furans O.OOE+OO 2.32E-08 
Total 3.09E-01 3.07E-05 

Percent Risk by Contaminant Group 

0 to 6 Years Old 
Inhlation 

ill ELCR 
Base/Neutral SVOCs 0% 0% 
Inorganics 100% 98% 

)Cs 0% 2% 
Jioxins and Furans 0% 0% 

Area South and East of Building 4 
Total Risks by Contaminant Group 

I 
0 to 6 Years Old 

Inhalation 
m ELCR 

Inorganics 2.34E-01 2.99E-05 
VOCs 3.30E-05 6.41E-07 
Dioxins and Furans O.OOE+OO 3.19E-08 
Total 2.34E-01 3.06E-05 

Percent Risk by Contaminant Group 

----;--;-------
0 to 6 Years Old 

Inhalation 
m I ELCR 

lnorganics 100% 98% 
"0Cs 0% 2% 

.oxins and Furans 0% 0% 

I 

6 to 18 Years Old i Adult 
Inhalation I Inhalation 

m I ELCR I m ELCR 
O.OOE+OO 5.68E-09 O.OOE+OO 3.35E-09 
1.11E-01 2.16E-05 2.62E-02 1.27E-05 
9.83E-06 5.20E-07 2.32E-06 3.07E-07 

O.OOE+OO 1.67E-08 O.OOE+OO 9.85E-09 
1.11E-01 2.21E-05 2.62E-02 1.30E-05 

6 to 18 Years Old I. Adult 
lnhlation Inhalation 

ill ELCR . m IELCR 
0% 0% 0% 0% 

100% 98% 100% 98% 
0% 2% 0% 2% 
0% 0% 0% 0% 

6 to 18 Years Old Adult 
Inhalation Inhalation 

m ELCR m I ELCR 
8.44E-02 2.16E-05 1.99E-02 1.27E-05 
1.19E-05 4.63E-07 2.80E-06 2.73E-07 

O.OOE+OO 2.30E-08 O.OOE+OO 1.35E-08 
8.44E-02 2.21E-05 I 1.99E-02 1.30E-05 

6 to 18 Years Old Adult 
Inhalation Inhalation 

m I ELCR HI I ELCR 
100% 98% 100% 98% 
0% 2% 0% 2% 
0% 0% 0% 0% 

I 
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EM Science RifFS 
Cincinnati, Ohio 

04/12/96 
Project No. 0100.50.10 

.BLE 6-11: SUMMARY OF RISK RESULTS FROM EXPOSURE OF REASONABLE 
MAXIMUM EXPOSURE (RME) OFF-SITE RECEPTORS TO EMISSIONS FROM 
THE SOIL/FILL 

Area South of Building 10 - Current Scenario 
Total Risks by Contaminant Group 

0 to 6 Years Old 6 to 18 Years Old 
Inhalation Inhalation 

HI I ELCR HI I ELCR 
Inorganics 3.09E-01 2.99E-05 l.l1E-01 2.16E-05 
VOCs 7.39E-06 7.83E-08 2.67E-06 5.65E-08 
Dioxins and Furans O.OOE+OO 9.08E-08 O.OOE+OO 6.55E-08 
Total 3.09E-01 3.01E-05 l.llE-01 2.17E-05 

Percent Risk by Contaminant Group 

Inorganics 
VOCs 
Oioxins and Furans 

0 to 6 Years Old 
Inhalation 

HI I ELCR 
100% 99% 
0% 0% 
0% 0% 

I 

6 to 18 Years Old 
Inhalation 

HI I ELCR 
100% 99% 
0% 0% 
0% 0% 

Area South of Building 10 - Future Scenario 
Total Risks by Contaminant Group 

0 to 6 Years Old ~Years Old 
Inhalation alation 

HI I ELCR ' HI ELCR 
'-.3:-:. o~9~E"'-o"1---~.-.,.2 .-i:99rnE""-~osl""""""' 1.11 E-o 1 2 .16E-os Inorganics 

VOCs 4.24E-05 8.94E-06 1.53E-05 6.45E-06 
Dioxins and Furans O.OOE+OO 9.08E-08 O.OOE+OO 6.55E-08 
Total 3.09E-01 3.89E-05 l.l1E-01 2.81E-05 

Percent Risk by Contaminant Group 

' 

I 
Inorganics 
-'OCs 

ioxins and Furans 

96-5153A.WK4\HYM 

0 to 6 Years Old 
luh~ation 

HI ELCR 
100% 
0% 
0% 

77% 
23% 
0% 

-
6 to 18 Years Old 

Inhalation 
HI I ELCR 

100% 77% 
0% 23% 
0% 0% 

Adult 
Inhalation 

HI I ELCR 
2.62E-02 1.27E-05 
6.29E-07 3.33E-08 

O.OOE+OO 3.85E-08 
2.62E-02 1.28E-05 

Adult 
Inhalation 

HI I ELCR 
100% 99% 
0% 
0% 

0% 
0% 

Adult 
Inhalation 

HI I ELCR 
2. 62E-02 1.27E-05 
3.60E-06 3.79E-06 

O.OOE+OO 3.85E-08 
2. 62E-02 1. 65E-05 

~-· 

Adult 
Inhalation 

HI I ELCR 
100% 77% 
0% 23% 
0% 0% 
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EM Science RI/FS 
Cincinnati, Ohio 

04112/96 
Project No. 0100.50.10 

.BLE 6-11: SUMMARY OF RISK RESULTS FROM EXPOSURE OF REASONABLE 
MAXIMUM EXPOSURE (RME) OFF-SITE RECEPTORS TO EMISSIONS FROM 
THE SOIL/FILL 

East Ravine 
Total Risks by Contamimmt Group 

1. 

·----~ .. 
I 0 to 6 Years Old 6 to 18 Years Old I Adult 

I Inhalation I Inhalation I Inhalation 
! ' m ELCR I m ELCR m ELCR l 

Base/Neutral SVOCs O.OOE+OO 7.62E-09 O.OOE+OO 5.50E-09 O.OOE+OO 3.24E-09 
Inorganics 3.09E-Ol 2.99E-05 l.llE-01 2.16E-05 2.62E-02 1.27E-05 
VOCs 2.82E-07 2.06E-10 1.02E-07 1.49E-10 2.39E-08 8.76E-11 
Dioxins and Furans O.OOE+OO 8.39E-08 O.OOE+OO 6.05E-08 O.OOE+OO 3.56E-08 
Total I 3.09E-Ol I 3.00E-05 l.llE-01 2.17E-05 2.62E-02 1.27E-05 

Percent Risk by Contaminant Group 

0 to 6 Years Old 
r 

6 to 18 Years Old Adult :l 
Inhalation Inhalation Inhalation 

m ELCR I m I ELCR ill ELCR 
Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 
Inorganics 100% 100% 100% 100% 100% 100% 

)Cs 0% 0% 0% 0% 0% 0% 
1.ioxins and Furans 0% 0% 0% 0% 0% 0% 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 6-12: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL 
IN THE MIDDLE PORTION OF TIIE WEST RAVINE 

EM Science Worker Scenario 
Total Risks by Contaminant Group and Pathways 

' Ingestion I: Dermal Contact I! Inhalation 
HI ELCR HI ELCR HI ELCR 

Base/Neutral SVOCs 3.07E-D5 2.06E-D6 2.99E-04 2.74E-05 O.OOE+OO O.OOE+OO 
Dioxins and Furans O.OOE+OO 2.43E-07 O.OOE+OO 2.36E-06 O.OOE+OO 4.93E-D9 
Inorganics 3.07E-D2 2.56E-D6 2.23E-OI 3.45E-06 5.84E-D3 2.35E-06 
PCBs 3.9IE-03 O.OOE+OO 3.80E-02 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 1.05E-OI 1.78E-D5 2.54E+OO 4.30E-04 1.54E-D4 1.23E-05 
Total 1.40E-DI 2.26E-D5 2.8IE+OO 4.63E-04 5.99E-03 1.47E-05 

Percent Risk by Contaminant Group and Pathway 

i Ingestion J Dermal Contact I Inhalation 
HI ELCR HI ELCR HI I ELCR 

Base/Neutral SVOCs 0% 0% 0% 5% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 0% 
Inorganics I% I% 8% I% 0% 0% 
PCBs 0% 0% I% 0% 0% 0% 
VOCs 4% 4% 86% 86% 0% 2% 
Total 5% 5% 95% 93% 0% 3% 

Commercialllndustrial Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact I Inhalation 
HI ELCR HI ELCR HI I ELCR 

Base/Neutral SVOCs 3.07E-05 2.06E-D6 2.99E-04 2.74E-D5 O.OOE+OO O.OOE+OO 
Dioxins and Furans O.OOE+OO 2.43E-D7 O.OOE+OO 2.36E-D6 O.OOE+OO 4.93E-D9 
Inorganics 3.07E-02 2.56E-D6 2.23E-OI 3.45E-06 5.84E-D3 2.35E-D6 
PCBs 3.9IE-D3 O.OOE+OO 3.80E-D2 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 1.05E-DI 1.78E-D5 2.54E+OO 4.30E-04 3.00E-04 2.43E-D5 
Total I.40E-OI 2.26E-D5 2.8IE+OO 4.63E-04 6.I4E-D3 2.67E-D5 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact I Inhalation 
HI ELCR HI ELCR HI ELCR 

Base/Neutral SVOCs 0% 0% 0% 5% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 0% 
Inorganics I% 0% 8% I% 0% 0% 
PCBs 0% 0% I% 0% 0% 0% 
VOCs 4% 3% 86% 84% 0% 5% 
ToW 5% 4% 95% 90% 0% 5% 

96-5156A.WK4\HYM 

04/14/96 
Project No. 0100.50.10 

Total 
HI I ELCR 

3.29E-04 2.94E-D5 
O.OOE+OO 2.6IE-D6 
2.60E-DI 8.36E-D6 
4.I9E-D2 O.OOE+OO 
2.65E+OO 4.60E-04 
2.95E+OO 5.0IE-04 

1 

Total l HI ELCR 
0% 6% 
0% I% 
9% 2% 
I% 0% 

90% 92% 

Total 
HI ELCR 

3.29E-04 2.94E-D5 
O.OOE+OO 2.6IE-D6 
2.60E-DI 8.36E-06 
4.I9E-D2 O.OOE+OO 

2.65E+OO 4.72E-04 
2.95E+OO 5.I3E-04 

Total 
HI ELCR 
0% 6% 
0% I% 
9% 2% 
I% 0% 

90% 92% 

I 

I 
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EM Science RifFS 
Cincinnati. Ohio 

TABLE 6-12: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON ..... ~ITE RECEPTORS TO SOIL/FILL 
IN THE MIDDLE PORTION OF THE WESTRA VINE 

Trespasser Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I i Dermal Contact II Inhalation 
HI ELCR HI ELCR HI I ELCR ' Base/Neutral SVOCs 2.49E-05 8.02E-07 4.26E-05 1.37E-06 O.OOE+OO O.OOE+OO 

Dioxins and Furans O.OOE+OO 9.45E-08 O.OOE+OO 1.62E-07 O.OOE+OO 4.79E-10 
lno~nics 2.49E-02 1.38E-06 4.27E-03 2.37E-07 1.18E-03 2.29E-07 
PCBs 3.17E-03 O.OOE+OO 5.42E-03 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 8.50E-02 6.88E-06 3.64E-01 2.95E-05 4.52E-04 1.73E-05 
Total 1.13E-01 9.16E-06 3.74E-01 3.12E-05 1.63E-03 1.76E-05 

Percent Risk by Contaminant Group and Pathway 

I 
Ingestion 

11 
Dennal Contact I Inhalation 

HI ELCR m ELCR m ELCR 
Base/Neutral SVOCs O% 1% 0% 2ro 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 0% 
Inorganics 5% 2% 1% 0% 0% 0% 
PCBs 1% 0% 1% 0% 0% 0% 
VOCs 17% 12% 75% 51% 0% 30% 
Total I 23% I 16% 77% 54% 0% 30% 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact I Inhalation 
m ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 4.52E-05 O.OOE+OO 4.39E-04 O.OOE+OO O.OOE+OO O.OOE+OO 
Base/Neutral SVOCs 3.00E-04 5.00E-07 2.90E-03 4.85E-06 O.OOE+OO 5.28E-11 
Dioxins and Furans O.OOE+OO 2.44E-08 O.OOE+OO 2.37E-07 O.OOE+OO 3.50E-10 
Inoql:anics 2.16E-02 2.47E-07 2.10E-02 2.40E-07 5.84E-03 2.35E-06 
PCBs 2.15E-03 O.OOE+OO 2.09E-02 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 1.15E-03 2.55E-08 2.78E-02 6.17E-07 1.54E-04 1.23E-05 
Total 2.53E-02 7.97E-07 7.30E-02 5.95E-06 5.99E-03 1.47E-05 

Percent Risk by Contaminant Group and Pathway 

Ingestion II Dermal Contact I Inhalation 
HI ELCR m ELCR HI ELCR 

Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 
Base/Neutral SVOCs 0% 2% 3% 23% 0% 0% 
Dioxins and Furans 0% 0% 0% 1% 0% 0% 
Inorganics 21% 1% 20% 1% 6% 11% 
PCBs 2% 0% 20% 0% 0% 0% 
VOCs 1% 0% 27% 3% 0% 58% 
Total 24% 4% 70% 28% 6% 68% . 
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,--·-
Total 

HI ELCR 
6.75E-05 2.18E 06 

O.OOE+OO 2.57E-07 
3.04E-02 1.85E-06 
8.59E-03 O.OOE+OO 
4.49E-01 5.37E-05 
4.89E-01 5.80E-05 

Total 
HI ELCR 
0% 4% 
0% 0% 
6% 3% 
2% 0% 
92% 93% 

i 

I 

HI T<~al ELCR I 

U4 

5~ 

O.OOE+OO 
2.91E-02 1.30E-05 

2.14E-05 

Total 
m ELCR 

0% 0 
3% 25% 
0% 1% 

46% 13% 
22% 0% 
28% 61% 

I 
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TABLE 6-13: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FlLL IN THE MOUTH OF THE WESTRA VINE AND AREA 
ALONG SR-562 

Trespasser Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I! Dermal Contact I Inhalation To<al 
HI ELCR HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 2.31£ + 7.69£-08 0. E+OO 0.00£+0 0.00£+00 1.0 E- 7 0. E+OO 
Base/Neutral SVOCs 4.68£-04 2.14£-07 1.55&03 7.13£-07 O.OOE+OO 6.02£-ll 2.02E-03 9.28£-07 
Dioxins and Furans O.OOE+OO 2.92E-07 O.OOE+OO 9.71£-07 0.00£+00 6.69£-10 0.00£+00 I.26E-06 
lnor anics 9.35£ 02 2.08£-06 2.99£-01 6.94£-07 l.ISE-03 2.29£-07 USE 01 3.00£-06 
PCBs 1.39£-02 0.00£+00 4.61£-02 O.OOE+OO 0.00£+00 0.00£+00 6.00£ 02 O.OOE+OO 
VOCs 1.70£-06 4.60£-10 1.42£ 05 3.83£-09 1.57£-05 4.74£.:08 3.16£-05 5.17E-08 
Tow l.OSE-01 .5 6 7.76£-02 2.38£-06 1.20£-03 2.77£-07 1.87E-Ol 5.2SE 06 

Percent Risk by Contaminant Group and Pathway 

' 
Ingestion II Denna\ Contact I Inhalation To<al 

' HI ELCR HI ELCR HI ELCR HI I ELCR 
Acid Extractable SVOCs 0 0 0 0 0 0 0 
Base/Neutral SVOCs 0% 4% l% 14% 0% 0% 1% 18% 
Dio)(iru; and Furans 0% 6% 0% 19% 0% 0% 0% 24% 
Inorganics 50% 40% 16% 13% 1% 4% 67% 57% 
PCBs 7% 0% 25% 0% 0% 0% 32% 0% 
VOCs O% 0% 0% 0% 0% I% 0% l% 
Total 58 49% 42% 45% 1% 5% 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dennal Contact 

I~ 
~tion Total 

HI ELCR HI ELCR 

~ 
HI ELCR 

Acid Extractable SVOCs 4.89 + 4.75 1 O.OOE+OO 5.24E 7 0. + 
Base/Neutral SVOCs 4.0IE-05 2.04E 10 3.89E-04 1.97E-09 4.29E-04 2.17E-09 
Dio)(iru; and Furans O.OOE+OO l.2IE-08 O.OOE+OO l.ISE-07 O.OOE+OO 1.30E-07 
lnorganics l.l4E-02 1.04E-07 l.llE-02 l.OIE-07 

~ 
2.74E-02 4.12E-07 

VOCs 6.86E-03 8.88E-08 1.67E-Ol 2.16E-06 l.73E-Ol 2-.25E-06 
Total 1.83E-02 2.05E-07 1.78E-Ol 2.38E-06 2.01E-Ol 2.80E-06 

Percent Risk by Contaminant Group and Pathway 

I Ingestion II Dennal Contact I Inhalation Total 
HI ELCR HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 0 0 0 0 0 0 
Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 4% 0% 0% 0% 5% 
In organics 6% 4% 6% 4% 2% 1% 14% 15% 
VOCs 3% 3% 83% 11% 0% 0% 86% 81% 
Tow 9% 1 88% 85% 2% 8% 
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TABLE 6-14: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN TilE AREA SOliTH 
AND EAST OF BUlLDING 4 

Trespasser Scenario 
Total Risks by Contaminant Group and Pathways 

l Ingestion I Dermal Contact I Inhalation I Total 
HI I ELCR HI ELCR HI ELCR HI I ELCR 

Acid Extractable SVOCs 7.44E·06 O.OOE+OO 1.27E.{)5 O.OOE+OO O.OOE+OO O.OOE+OO 2.01E·05 O.OOE+OO 
Base/Neutral SVOCs 2. 71E.{)5 O.OOE+OO 4.63E.{)5 O.OOE+OO O.OOE+OO O.OOE+OO 7.34E.{)5 O.OOE+OO 
Dioxins and Furans O.OOE+OO 2.34E.{)8 O.OOE+OO 4.01E.{)8 O.OOE+OO 1.12E·IO O.OOE+OO 6.36E·08 
Inorganics 2.48E·02 1.73E.{)6 4.26E.{)3 2.96E.{)7 8.95E.{)4 2.29E.{)7 3.00E.{)2 2.26E·06 
VOCs 3.JOE.{)4 3.76E.{)9 1.33E.{)3 1.61E.{)8 1.52E·07 5.93E·09 1.64E·03 2.58E·08 
Total 2.52E·02 1.76E.{)6 5.64E·03 3.52E.{)7 8.95E·04 2.35E.{)7 3.17E·02 2.34E.{)6 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact -l -- Inhalation Total 
HI ELCR HI I ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 0% 0% l.% 0% 0% 0% 1% 0% 
Base/Nemral SVOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Dioxins and Furans 0% 1% 0% 2% 0% 0% 0% 3% 
Inorganics 78% 74% 13% 13% 3% 10% 95% 96% 
VOCs 1% 0% 4% 1% 0% 0% 5% 1% 
Total 80% 75% 19% 15% 3% 10% 

Commercial/Industrial Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact I ' Total 
HI ELCR HI ELCR HI I~ HI ELCR 

Acid Extractable SVOCs 9.20E.{)6 O.OOE+OO 8.92E.{)5 O.OOE+OO 9.84E·05 O.OOE+OO 
Base/Neutral SVOCs 1.51E.{)5 O.OOE+OO 1.46E.{)4 O.OOE+OO O.OOE+OO 1.61E.{)4 O.OOE+OO 
Dioxins and Furans O.OOE+OO 6.03E.{)8 O.OOE+OO 5.85E.{)7 1.15E.{)9 O.OOE+OO 6.46E.{)7 
Inorganics 3.07E.{)2 4.46E.{)6 2.98E.{)2 4.32E.{)6 

~~ 
6.49E.{)2 1.11E·05 

VOCs 3.83E.{)4 9.69E.{)9 9.30E.{)3 2.35E.{)7 9.68E.{)3 3.28E.{)7 
Total 3.11E.{)2 4.53E.{)6 3.94E.{)2 5.14E.{)6 4.'m'.u' l.44MJb 7.49E.{)2 1.21E.{)5 

Percent Risk by Contaminant Group and Pathway 

Ingestion I Dermal Contact I Inhalation Total 
HI ELCR HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 0% 0% 1% 0% 0% 0% 1% 0% 
Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 5% 0% 0% 0% 5% 
Inorganics 41% 37% 40% 36% 6% 19% 87% 92% 
VOCs 1% 0% 12% 2% 0% 1% 13% 3% 
Total 42% 37% 53% 42% 6% 20% 

I 

I 

I 

I 
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TABLE 6-14: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN TilE AREA SOUTII 
AND EAST OF BUll.DING 4 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

I 
Ingestion II Dermal Contact I Inhalation I Total 

I HI ELCR HI I ELCR HI I ELCR HI ELCR 
Acid Extractable SVOCs 1.14E-05 0. OOE +00 l.IOE-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.22E-04 O.OOE+OO 
Base/Neutral SVOCs 1.14E-04 7.98E-ll l.llE-03 7.74E-l0 O.OOE+OO 0. OOE + 00 l.22E-03 8.54E-10 
Dioxins and Furans O.OOE+OO 1.33E-08 O,OOE+OO 1.20E-07 O.OOE+OO 2.21E-10 0. OOE + 00 1.33E-07 
Inorganics l.71E-02 2.80E-07 1.67E-02 2.71E-07 4.86E-03 2.07E-07 3.87E-02 7.58E-07 
VOCs 1.27E-02 1.47E-07 3.08E-01 3.55E-06 8.25E-07 5.37E 09 3.21E-01 3.71E-06 
Total 3.00E-02 4.40E-07 3.26E-Ol 3.94E-06 4.86E-03 2.13E-07 3.61E-01 4.60E-06 

Percent Risk by Contaminant Group and Pathway 

I 

Ingestion I Dermal Contact I Inhalation Total 
HI ELCR HI I ELCR HI ELCR Ill I ELCR 

Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 0% 0 ' 
Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 3% 0% 0% 0% 3% 
~~nic.s. 5% 6% 5% 6% 1% 5% 11% 16% 
VOCs 4% 3% 85% 77% 0% 0% 89% 81% 
Total I 8% 

' 
lO% 90% 86% 1% 5% 

I 

I 
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TABLE 6-15' SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL lN THE AREA SOUTH 
OF BUTLDING 10 

Commercial/Industrial Worker Scenario 
Total Risks by Contaminant Group and Pathways 

i Ingestion I I Dermal Contact I ! Inhalation I Total 
HI ELCR HI ELCR HI I ELCR HI ! ELCR 

Acid Extractable SVOCs 4.70E-07 u.OOE+OO 4.5ot-Oo O.OOE+uO o.uuE+OO O.OOE+UU >.03E-06 O.UUE+UO 
Base/Neutral SVOCs 1.82E-05 7.53E-10 1.76E-04 7.30E-09 O.OOE+OO O.OOE+OO 1.95E-04 8.05E-09 
DIP O.OOE+OO 4.06E-07 O.OOE+OO 3.95E-06 O.OOE+OO 7.42E-09 O.OOE+OO 4.36E-06 
Ino~anics 6.75E-01 2.46E-06 6.54E-01 2.39E-06 5.84E-03 2.35E-06 1.33E+OO 7.20E-06 
PCBs 2.94E-02 O.OOE+OO 2.85E-01 O.OOE+OO O.OOE+OO O.OOE+OO 3.14E-01 O.OOE+OO 
VOCs 4.12E-05 3.06E-07 9.98E-04 7.42E-06 !.44E-06 1.16E-08 1.04E-03 7.74E-06 
Total 7.04E-01 3.17E-06 9.40E-01 1.38E-05 5.84E-03 2.37E-06 1.65E+OO 1.93E-05 

Percent Risk by Contaminant Group and Pathway 

i! 

Ingestion I Dermal Contact I Inhalation Total 
HI ELCR HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 0 ' 0' 0% 0% 0 ' 0% Oro 0% 
Base/Neutral SVOCs 2% 0% 0% 0% 0% 0% 0% 0% 
DIP 0% 2% 0% 20% 0% 0% 0% 23% 
lnorganics 41% 13% 40% 12% 0% 12% 81% 37% 
PCBs 2% 0% 17% 0% 0% 0% 19% 0% 
VOCs 0% 2% 0% 38% 0% 0% 0% 40% 
Total 44% 16% 57% 71% 0% 12% 

Trespasser Scenario 
Total Risks by Contaminant Group and Pathways 

I 

' 
1 

1, I Dermal Contact ll-l:;;b,lliitim1-j Total I 

ri§~~·~ sv~ocs~~
3i .. ~iu Hit:-iu·1 t~~ELL~cR~ r-,.6.,.5.;.;~;-;I_o-:o7-+""o..,;.~:,;~;,:;~F;~"'o...J t9~H~I ~~~E~LL~cRS ~~~~.m~~~I-a~6=+~o~.~~~~~~~~o= Base/Neutral SVQCs 1.48E-05 0 2.52E-05 5.00E-10 f-_Q:~O 4.00E-05 7.92E-10 

DIP 1.58E-07 O.OOE+OO 2.71E-07 0.00E+OO 7.21E-10 O.OOE+OO 4.30E-07 
5.45E-01 9.57E-07 9.34E-02 1.64E-07 1.18E-03 6.40E-01 1.35E-06 

PCBs 2.37E-02 4.07E-02 O.OOE+OO 0.( 6.44E-02 O.OOE+OO 
~V/~ICD~CCt:s=====:t:t 3 .. 3~3E-0~5:t:t~~ 1.42E-04 5.08E-07 ...!.:.2m:QL 1.76E-04 6.46E-07 _l'otal ~ 1.34E-01 9.44E-07 l.lll_~3 2.49E-(j')" 7.04E-01 2.43E-06 

Percent Risk by Contaminant Group and Pathway 

I Ingestion I Dermal Contact I Inhalation 
I 

Total 
! HI ELCR HI ELCR HI ELCR I HI ELCR 

Acid Extractable SVOCs U% 0% J% 0% 1% U% 1 ' U% 
Base/Neutral SVOCs 8% 0% 0% 0% 0% 0% 0% 0% 
DIP 0% 7% 0% 11% 0% 0% 0% 18% 
lnorganics 77% 39% 13% 7% 0% 9% 91% 56% 
PCBs 3% 0% 6% 0% 0% 0% 9% 0% 
VOCs 0% 5% 0% 21% 0% 1% 0% 27% 
Total 89% 51% 19% 39% I 0% 10% 

i 
I 
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TABLE 6-15: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN THE AREA SOUTH 
OF BUILDING 10 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

,----

II Inhalation 
I 

Total I Dermal Contact 
HI ELCR HI ELCR HI I ELCR HI ELCR 

Acid SVOCs l.Ojb-U) 9.94E-05 O.OOE+OO O.OOE+OO O.OOE+OO l.IOE-04 O.OOE+OO 
I SVOCs 1.72E-02 1.68E-01 l.OIE-09 O.OOE+OO O.OOE+OO 1.85E-01 l.IIE-09 

D/F 2.40E-08 O.OOE+OO 2.33E-07 O.OOE+OO 6.15E-07 O.OOE+OO 8.72E-07 
4.411 m 4.28E-02 5.43E-07 6.41E-03 2.07E-07 9.33E-02 1.31E-06 

VOCs 1 4? m 
~ 

3.44E-02 !.93E-07 5.!0E-07 7.11E-10 3.58E-02 2.02E-07 
Total 5. 2.45E-O! 9.70E-07 6.41E-03 8.23E-07 3.!5E-01 2.38E-06 

Percent Risk by Contaminant Group and Pathway 

i 
Ingestion I Dermal Contact I Inhalation Total 

HI ELCR HI ELCR HI ELCR HI ELCR 
Acid Extractable SVOCs 0 ' O:ro 0 0 0% 011> 0'1o 0% O:ro 
Base/Neutral SVOCs 48% 0% 53% 0% 0% 0% 59% 0% 
D/F 0% 1% 0% 10% 0% 26% 0% 37% 
Inorganics 14% 23% 14% 23% 2% 9% 30% 55% 
VOCs 0% 0% 11% 8% 0% 0% 11% 8% 
Total 63% 25% 78% 41% 2% 34% 

I 

I 
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TABLE 6-16: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN THE EAST RAVINE 

EM Science Worker 
Total Risks by Contaminant Group and Pathways 

Ingestion I ~erma! Contact I~ Inhalation 
--

I 
Total I 

HI ELCR i HI I ELCR ELCR HI ELCR ! 
Acid Extractable SVOCs 3.91E-08 O.OOE+OO 3.80E-07 O.OOE+OO O.OOE+OO O.OOE+OO 4.19E-07 O.OOE+OO 
Base/Neutral SVOCs 4.33E-05 1.96E-06 4.20E-04 L91E-05 O.OOE+OO O.OOE+OO 4.63E 04 2.10E-05 
Dioxins and Furans O.OOE+OO 2.78E-08 O.OOE+OO 2.69E-07 O.OOE+OO 2.14E-09 O.OOE+OO 2.99E-07 
Inorganics 2.88E-02 2.57E-06 2.79E-02 2.49E-06 5.84E-03 2.35E-06 6.25E-02 7.41E-06 
PCBs 1.05E-02 OJXJE+OO 1.02E-01 O.OOE+OO O.OOE+OO O.OOE+OO 1.13E-01 O.OOE+OO 
VOCs 1.17E-07 3.08E-11 2.85E 06 7.48E-10 7.64E-09 2.20E-11 2.97E-06 8.01E-10 
Total 3.93E-02 4.56E-06 l.JOE-01 2.18E-05 5.84E-03 2.35E-06 1.75E-01 2.88E-05 

Percent Risk by Contaminant Group and Pathway 

I Ingestion II Dermal Contact I Inhalation Total 
HI ELCR HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 0' 0% 0% 0% 0% Oro 14% 0% 
BaseJNeutral SVOCs O% 7% 0% 66% 0% 0% 0% 73% 
Dioxins and Furans 0% 0% 0% 1% 0% 0% 0% 1% 
Inorganics 16% 9% 16% 9% 3% 8% 36% 26% PCBs ----- 6% 0% 58% 0% 0% 0% 64% 0% 
VOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Total 22% 16% 74% 76% 3% 8% 

CommerciaVIndustrlal Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact I Inhalation 
HI T~tal ELCR I HI ELCR HI ELCR HI ELCR 

Acid Extractable SVOCs 3.91E-08 O.OOE+OO 3.80E-07 O.OOE+OO O.OOE+OO O.OOE+OO 
Base/Neutral SVOCs 7.33E-05 3.10E-06 7.11E-04 3.00E-05 O.OOE+OO 6.01E-10 3.31E-05 
Dioxins and Furans O.OOE+OO 2.05E-07 O.OOE+OO 1.98E-06 O.OOE+OO 6.62E-09 O.OOE+OO .20E-06 
Inorganics 6.33E-02 6.97E-06 6.26E-02 6.76E-06 5.84E-03 2.35E-06 1.32E-01 
PCBs 3.91E-01 O.OOE+OO 3.80E+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.19E+OO oii= VOCs L62E-07 3.08E-11 3.95E-06 7.48E-10 7.64E-09 2.20E-11 
Total 4.54E-01 1.03E-05 3.86E+OO 3.88E-05 5.84E-03 2.36E-06 

Percent Risk by Contaminant Group and Pathway 

' Ingestion I Dermal Contact I Inhalation 
I 

Total I 
I HI ELCR HI ELCR HI ELCR HI ELCR i 

Acid Extractable SVOCs 0% 0% oro 0% 0% 0% 10% 0% 
Base/Neutral SVOCs 0% 6% 0% 58% 0% 0% 0% 64% 
Dioxins and Furans 0% 0% 0% 4% 0% 0% 0% 4% 
Inorganics 1% 14% 1% 13% 0% 5% 3% 31% 
PCBs 9% 0% 88% 0% 0% 0% 97% 0% 
VOCs O% 0% 0% 0% 0% 0% 0% 0% 
Total 11% 20% 89% 75% 0% 5% 
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TABLE 6-16: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO SOIL/FILL IN TilE EAST RAVINE 

Trespasser Scenario 
Total llliks by Contaminant Group and Pathways 

! Ingestion II Dermal Contact 

I: 
Inhalation 

HI To.tal ELCR 
I HI ELCR HI ' ELCR HI I ELCR 

' 
Acid Extractable SVOCs 3.17 -08 O.OOE+OO 5.42E~8 O.OOE+OO O.OOE+OO O.OOE+OO 
Base/Neutral SVOCs 3.49E~5 7.64E~7 5.99E-05 1.31E~6 O.OOE+OO O.OOE+OO 
Dioxins and Furans O.OOE+OO 1.08E-08 O.OOE+OO 1.85E-08 O.OOE+OO 2.08E-IO O.OOE+OO 
Inorganics 2.32E-02 9.97E-07 3.98E~3 1.71E~7 1.18E~3 2.29E~7 2.84E~ 1.40E~6 
PCBs 8.5!E~3 O.OOE+OO 1.46E~2 O.OOE+OO O.OOE+OO O.OOE+OO 
VOCs 9.50E~8 1.20E-11 4.07E-07 5.12E-11 5.40E-10 1.83E-12 5.03E~7 6.5UE-11 
Total 3.18E~2 1.77E~6 1.86E-02 1.50E~6 1.18E-03 2.29E-07 ). <>h·UL J.)Uh·U<> 

Percent Risk by Contaminant Group and Pathway 

Ingestion I! Dermal Contact v Inhalation 
-~ 

Total i I I 
HI ELCR HI ELCR Ill ELCR HI ELCR ! 

Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 17% 0% 
Base/Neutral SVOCs 0% 22% 0% 37% 0% 0% 0% 59% 
Dioxins and Furans 0% 0% 0% 1% 0% 0% 0% 1% 
Inorganics 45% 28% 8% 5% 2% 7% 55% 40% 
PCBs 16% 0% 28% 0% 0% 0% 45% 0% 
VOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Total 62% 51% 36% 43% 2% 7% 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

Ingestion I Dermal Contact I i Inhalation Total 

I HI ELCR Ill ELCR HI ELCR HI ELCR 
Acid Extractable SVOCs 3.52E-06 O.OOE+OO 3.42E-05 O.OOE+OO O.OOE+OO O.OOE+OO 3.77E~5 O.OOE+OO 
Base/Neutral SVOCs 4.22E~ 2.60E~6 4.10E~3 2.52E~5 O.OOE+OO 1.72E-12 4.52E~3 2.78E~5 
Dioxins and Furans O.OOE+OO 3.40E~7 O.OOE+OO 1.23E~6 O.OOE+OO 7.52E-10 O.OOE+OO 1.57E~6 

Inorganics 1.51E~1 6.40E~7 1.46E~1 6.21E~7 6.41E~3 2.07E-07 3.03E~1 1.47E~6 
PCBs 8.60E~ O.OOE+OO 8.35E~1 O.OOE+OO O.OOE+OO O.OOE+OO 9.21E-01 O.OOE+OO 
VOCs 1.15E~5 1.03E-10 2.79E~ 2.49E~9 6.11E~9 1.41E-12 2.91E-04 2.60E-09 
Total 2.37E-01 3.58E~ 9.85E~1 2.70E-05 6.41E 03 2.08E~7 1.23E+OO 3.08E~5 

Percent Risk by Contaminant Group and Pathway 

Ingestion I HI ELCR 
Dermal Contact I~ Inhalation Total ! 

HI ELCR HI ELCR HI ELCR ! 
Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 13% 0% 
Base/Neutral SVOCs 0% 8% 0% 82% 0% 0% 0% 90% 
Dioxins and Furans 0% 1% 0% 4% 0% 0% 0% 5% 
Inorganics 12% 2% 12% 2% 1% 1% 25% 5% 
PCBs 7% 0% 68% 0% 0% 0% 75% 0% 
VOCs 0% 0% 0% 0% 0% 0% 0% 0% 
Total 19% 12% 80% 88% 1% 1% 

96-5t42A.WK4\HYM Page 2 of2 



EM Science RI/FS 
Cincinnati, Ohio 

04/14/96 
Project No. 0100.50.10 

TABLE 6-17: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO 
SURFACE SOIL/FILL SITEWIDE 

Commercial/Industrial Worker Scenario 
Total Risks by Contaminant Group and Pathways 

. 
Ingestion I HI I ELCR 

Dermal Contact Total 
HI ELCR 

i 
HI ELCR 

Acid Extractable SVOCs 2.20E-05 O.OOE+OO 2.13E-04 O.OOE+OO 2.35E-04 O.OOE+OO 
Base/Neutral SVOCs 3.34E-03 1.28E-06 3.24E-02 1.24E-05 3.58E-02 1.37E-05 
Dioxins and Furans O.OOE+OO 2.52E-07 O.OOE+OO 2.45E-06 O.OOE+OO 2.70E-06 
lnorganics 1.15E-01 4.26E-06 1.12E-01 4.13E-06 2.27E-01 8.39E-06 
PCBs 5.02E-02 O.OOE+OO 4.87E-01 O.OOE+OO 5.37E-01 O.OOE+OO 
VOCs 1.15E-02 2.39E-06 2.80E-01 5.78E-05 2.92E-01 6.02E-05 
Total 1.80E-01 8.18E-06 9.11E-01 7.68E-05 1.09E+OO 8.50E-05 

Percent Risk by Contaminant Group and Pathway 

Ingestion II Dermal Contact I Total 
HI ELCR HI ELCR I HI I ELCR 

Acid Extractable SVOCs 0% 0% 0% 0 ' 0% 0% 
Base/Neutral SVOCs 0% 2% 3% 15% 3% 16% 
Dioxins and Furans 0% 0% 0% 3% 0% 3% 
Inorganics 11% 5% 10% 5% 21% 10% 
PCBs 5% 0% 45% 0% 49% 0% 
VOCs 1% 3% 26% 68% 27% 71% 
Total 17% 10% 83% 90% 

Trespasser Scenario 
Total Risks by Contaminant Group and Pathways 

I Ingestion I HI ELCR 
Dermal Contact 

r 
Total 

HI I ELCR HI ELCR 
Acid Extractable SVOCs 1.77E-05 O.OOE+OO 3.03£-05 O.OOE+OO 4.81£-05 O.OOE+OO 
Base/Neutral SVOCs 2.71E-03 4.97E-07 4.63£-03 8.49E-07 7.34£-03 1.35E-06 
Dioxins and Furans O.OOE+OO 9.80E-08 O.OOE+OO 1.68£-07 O.OOE+OO 2.66E-07 
Inorganics 9.31E-02 1.65£-06 1.60E-02 2.83E-07 1.09£-01 1.93£-06 
PCBs 4.06E-02 O.OOE+OO 6.96£-02 O.OOE+OO 1.10£-01 O.OOE+OO 
VOCs 9.34E-03 9.26E-07 4.00£-02 3.97£-06 4.93£-02 4.89£-06 
Total 1.46E-01 3.17E-06 1.30£-01 5.27£-06 2.76£-01 8.44£-06 

Percent Risk by Contaminant Group and Pathway 

' Ingestion I Dermal Contact 
I 

T~tal ' ! HI ELCR HI ELCR HI ELCR 
Acid Extractable SVOCs 0% 0% 0% Oro 0% I 0% 
Base/Neutral SVOCs 1% 6% 2% 10% 3% 16% 
Dioxins and Furans 0% 1% 0% 2% 0% 3% 
lnorganics 34% 20% 6% 3% 40% 23% 
PCBs 15% 0% 25% 0% 40% 0% 
VOCs 3% II% 14% 47% 18% 

' 58% 
Total 53% 38% 47% 62% 

96-5154A.WK4\HYM 
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EM Science RIIFS 
Cincinnati, Ohio 

04114/96 
Project No. 0100.50.10 

TABLE 6-17: SUMMARY OF RISK RESULTS FOR EXPOSURE OF ON-SITE RECEPTORS TO 
SURFACE SOIL/FILL SITEWIDE 

Construction Worker Scenario 
Total Risks by Contaminant Group and Pathways 

: HI Ingestio~LCR IIi-. ...,-,;;~;:;er=m-a+I-:C""o;;;~;;;~;,::c;:tR;;,-.;1' HI Toltal ELC~ 
"'=A;::cc-id'-OEcox"tr"'a=cta:;::b"'l,:;-e ;ccsv,:;-:co-"c"'s -t--c:20'-. 6"'4"'EC-:-O:C:5c-r.o."'ooi:iE"'+~OO::-- 2.57E-04 o .ooE + oo ~~2~.8~3~E~-04~==~~o.~oo~E~+~~oo~= 
Base/Neutral SVOCs 7.95E-04 1.43E-07 7.70E-03 1.38E-06 8.50E-03 1.53E-06 
Dioxins and Furans O.OOE+OO 1.21E-08 O.OOE+OO 1.17E-07 O.OOE+OO 1.29E-07 
Inorganics 2.08E-02 2.20E-07 2.02E-02 2.13E-07 4.10E-02 4.34E-07 
PCBs 6.76E-03 O.OOE+OO 6.55E-02 O.OOE+OO 7.23E-02 O.OOE+OO 
VOCs !.40E+OO 2.04E-05 3.39E+01 4.94E-04 3.53E+01 5.15E-04 
Total 1.42E+OO 2.08E-05 3.40E+01 4.96E-04 3.54E+01 5.17E-04 

Percent Risk by Contaminant Group and Pathway 
Ingestion I Dermal Contact I Total I 

HI ELCR HI ELCR HI ELCR 
Acid Extractable SVOCs 0% 0% 0% 0% 0% 0% 
Base/Neutral SVOCs 0% 0% 0% 0% 0% 0% 
Dioxins and Furans 0% 0% 0% 0% 0% 0% 
Inorganics 0% 0% 0% 0% 0% 0% 
PCBs 0% 0% 0% 0% 0% 0% 
VOCs 4% 4% 96% 96% 100% 100% 
Total 4% 4% 96% 96% 
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EM Science RifFS 
Cincinnati, Ohio 

TABLE 6-18: PLANT SPECIES IDENTIFIED DURING SITE SURVEY 

! II I_ i 
Botanical Name Common Name I 

TREES AND SHRUBS 
Carya glabra Pignut X 

Fagus grandifolio Beech 
Quercus borealis Red Oak X 
Quercus velutina Black Oak X 

Moris alba White Mulberry X 
Menispermum canadense Moonseed X 

Platanus occidentalis Sycamore X 
Robania pseudo-acacia Black Locust X 

Ailanthus altissima Tree-of-Heaven X 
Rhus glabra Smooth Sumac X 

Acer saccharinum Poison Ivy X 
Acer saccarum Silver Maple X 
Acer negundo Sugar Maple X 
Acer riparina Box-Elder X 
Vitis riparina Riverbank Grape X 

Rraxinus americans White Ash X 
Fraxinus pennsylvaica X 

Catalpa speciosa Northern Catalpa/Cigar Tree X 
Lonicera maackii Maxim Honeysuckle X 

Cercis canadensis Redbud X 
Aescleus glabra Ohio Buckeye X 

GRASSES AND FLOWERS 
. Cirsium Spp Thistle 
Chicorium intybus Chicory X 

-· 
Solidago Spp Goldemod X 
Sonchus asper Spiny-leaved Sow Thistle X 
Ambrosia Spp Ragweed X 
Bidens cemum Nodding Bur Marigold 

Aster Spp Aster X 
Taraxacum officinale Common Dandelion 

Daucus Carorta Queen Anne's Lace X 
Dipsacus sylverstrus Teasel 

Poa pratensis Kentucky Bluegrass 
Seratria Spp Foxtail 

Phleum pratense Timothy 
V erbascum thapsus Common Mullen 

Melilotos Spp Sweet Clover 

96-5160.WK4\HYM 

Area 
2 

X 
X 

X 

3 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
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EM Science RifFS 
Cincinnati. Ohio 

TABLE 6-19: RESULTS OF ASSESSMENT OF P01ENTIAL ADVERSE AFFECTS TO EASTERN CHIPMUNK 

-11 _I I > I j:---] iDD•e" 5.603-E gm •oil/d•y II Concentration NOAEL LOAEL Soil Ingestion Rate 
Compound (mg.kg) (mg/kg/day) I (mg/kg/day) I (mg/kg/day) 

Antimuny 1.90£+01 NA 3.50E-Ol 1.27£-03 
Arochlor 1254 1.80£+00 NA 5.00£-03 L20E-04 
Arsenic 3.00£+01 NA 1.40E-02 2.00£-03 
Barium ·--~----- 1.93£+02 2.10£+00 NA 1.29£-02 
~~rene~ 1.10£+00 NA . 1.50E+Ol 7.33E-05 
Cadmium LlOE+Ol l.OOE-02 NA 7.33E-04 
Chromium (VI) 3.80£+01 2.40£+00 NA 2.53E-03 
Mercury* 9.70£+01 NA 4.00£+02 6.47E-03 

NOTES: 

~ · NOAEL or LOAEL not listed in IRIS or HEAST. IDL(O) (To:<ic Dose Low) used (Sax Dangerous Properties of Industrial M:aerial 8th Edition). 

NA -Compound bas nof established NOAEL or LOAEL 

96-5l61.WK41HYM 

04114196 
Project No. 0100.50.10 

Dose at 6.47£-1 gm soil/day 
Soil Ingestion Rate 

(mg/kg/day) 

1. 74E-04 
1.49E-05 
2.31E-04 
1.49£-03 
8.47E-06 
8.47£-05 
2.93E-04 
7.47E-04 
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EM Science RI/FS 
Cincinnati, Ohio 

4/14/96 

Project No. 0100.50.10 

TABLE 6-20: ESTIMATED ANNUAL EFFECTIVE DOSE EQUIVALENT RATE FROM NATURAL SOURCES 
IN NORMAL REGIONS 

Source Effect Dose Equivalent Rate From Natural Sources in 
Normal Regions 

External Internal Total 

Cosmic (including neutrons) 30 30 

Cosmogenic nuclides 1.5 1.5 

Primordial nuclides 

"'K 12 18 30 
81Rb 0.6 0.6 
238U series 

'"v -"•u 9 1.0 10 

230Th 0.7 0.7 

226Ra 0.7 0.7 

222Rn - 214pb 80 80 
210pb _ 210p0 13 13 

232Th series 

232Th 14 0.3 14.3 

mRa - 224Ra 1.3 1.3 

220Rn _ 2osTh 17 17 

Total (rounded) 65 134 200 

Adapted from Eisenbud, 1987. 
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EM Science RI/FS 
Cincirmati, Ohio 

TABLE 6-21: EXPOSURE POINT CONCENTRATIONS FOR LEAD IN SOIL/FILL [mg/kg] 

r------ -
Surface Concentrations -·1 -----~~ II Subsurface 

Area of Contamination Current Future Concentration 
I 

Upper Portion of the West Ravine NA 4.0E+Ol 4.0E+Ol 
Middle Portion of the West Ravine 4.9E+Ol 4.9E+Ol 4.9E+Ol 
Mouth of the West Ravine S.SE+Ol S.SE+Ol 8.9E+OO 
Area South and East of Building 4 N/A l.7E+Ol 1.2E+Ol 
Area South of Building 10 N/A 1.7E+02 2.4E+Ol 
East Ravine 1.4E+02 1.4E+02 3.3E+03 
Site Wide N/A 6.7E+Ol 3.4E+02 

N/ A = Not applicable as area is currently paved. 
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EM Science RI/FS 
"'"''""""·"'"" 
TABLE 6.21; EVALUATION OF RISK UNCERTAlNTY ASSOCIATED WlTif VALENCE STATE OF CHROMIUM IN SOIL 

Group I Grouild Water 

Crill) 
Cr(VI 

3.80E-OI 
3.80E-01 

Group ll Ground Water 

1-=.1 Poirlt A .. 
Concentr.uion Ingestion Dermal Conmct Tow Ingestion 

[m Ll HI HI HI HI 

g~n- 4.36E+OO 3.49E-OI 4.87E-04 3.49E-01 2.32E-Ol 
4.36E+OO 6,97E+OI 9.73E-02 6.98E+OI 4.65E+Ol 

Construction W<ll'ker 
[lnzeslion Dermal Co= Total I 

HI HI HI 

4.36£+00 14.37£-02 L33E-03 4.50E-02 
4.36E+OO S.74E+OO 2.65E-OI 9.01£+00 

Uppe!' Portlon of the West Ravine 

I Exposure i PoW Cornmerdall1ndustrlal Worker 

Co~~n Ingestion Dermal Coll(a<:l Inhalation 
Jmglk HI HI ELCR HI 

C"llll L39E+Ol 6.79E-06 I 5.27E-06 I lu1E-as I 
c. 1.39E+01 1.36E-03 L05E-03 2.47E-D.'l 2.41E-03 r-= I Point Conslnlctlon Worker 

Co~ionl ln~;ion I Dermai.Hfolll3i:t l=n I HI 
m~/k~J 

C<IIIQ L39E+Ol 5.43E-06 5.27&06 I 1.07E-05 
~ 1.39E+Ol l.O'.lE-03 \.OSE-03 2.17E-05 2.14E-03 

Middle Portion of the West Ravine 

I ,. .. = On-IIVPfl'tl' Workerll """" Concentration lnges~ion Dermal Contact Inhalation 
Jm lk 1 HI HI ELCR HI 

Crill L89E+Ol 9.25E-06 8.97E-Oti 1.82E-05 
c 1.89E+OI I.SSE-03 ].79E-03 2.47E-05 3.64E-03 

! ,., ... =.I Co ""'"Wo Point I Concentration lo·~~'"" HI I"'::'~" HI [mglkgj 

Resideruial Rece tors 
A 7to 18 

Dermal Contacl Tow 
HI Ill 

3.87E-04 2,32E-OI 
7.74E-02 4.66E+OI 

'""' Ingestion 
ELCR HI 

O.OOE+OO 5.49E-06 
2.47E-O:S I.IOE-03 

Tow I ELCR 

O.OOE+OO 
2.17E-05 

ToW ln2estion 
ECCR HI 

O.OOE+OO 7.48E-06 
2.47E-OS I.SOE-03 

TooiELCR I 
c.arn ~OJ '""""' @" ~~ O"OOE+OO 

I 

I 

AdW< 
Ingestion I Dennal Cornact 

HI HI 

1.20E-OI 2.90E-04 
2.39E+OI 5.80E-02 

" -Dermal Comact Inhalation 
HI ELCR 

9.4tE-07 _I 
USE-04 2.40E-05 

TrespJl!!Ser' 
Dennal Coruaa Inhalation 

HI ELCR 

1.28E-06 

Tow 
HI 

1.20E-01 
2.4DE+01 

HI 

I 

~·!'roj=llo.OIOMO.lO 

Tom! 
ELCR 

I 6.43E-06 I O.OOE+OO 
1.29E-03 2.40E-05 

ToW 
HI ECCR 

8.76E-06 I O.OOE+OO 
2.> 2.40E-05 1.76E-03 2.40E-O:S 

I 

I 

p .. ,,., 



E11 Science Rl/FS 
""'""""""-"""' 
TABLE f>.:U; EVALUATION OF RISK UNCERTAINTY ASSOCIATED WITH VALENCE STATE OF CHROMWM IN SOIL 

Mouth of the West Ravine 

Cr{lll) 
CrVI 

Crill) ,, I 

! E>;:~~~re ' I . Trespasser 
1 Coocemnuion !Jnge.<tion 1 Dermal Contact 1 inhalation I 
! mlk I HI I HI I ELCR HI 

2.39E+Ol 
2.39E+Ol 

--E~PQSu~ 

Puint 
i Conceottation 

lm lk I 

L27E+OI 
1.27E+Ol 

9.4-5E--(]6 
1.1!9E--(]3 

lfngeotion 
I HI 

4.98E-06 
9.%E--D4-

3.!5E-06 I L26E--05 
6.30E--D4- 2.40£-05 2.52E-03 

Construction Worker 

Derma!Hfontact l'":~~n I 
HI 

4.83E--06 I 9.81E--(]6 
9.66E--D4- 2, l7E--(]5 1.%E--03 

Arl'll South and East of Building 4 

Poinl "" oroperty Workeno 

Total -~ 

ELCR I 
O.OOE+OO 
2.40E--Q5 

ToW I ELCR 

O.OOE+OO 
2.17E--o5 

r .. ".~ . I 
I f lo~~tiorllDennat jOntilCl I I Coocentration fng~1tion I Derma!Hfonta<.-'1 ~~~~~~JR I ToW 

[rn ' HI ELCR 

Cr(lll) 
c V> 

Cr(lll) 
Cr(VI) 

1.60E+Ol 
l.60E+Ol 

2.15E+OI 
2.15E+OI 

Aroa South of Building 10 

7.83E-06 7.59E--06 1.54£--05 
1.57E---03 1.52£-()3 2.47E--05 3.09£--03 

Construction Worker 
Ingestion Dermal Coma<.'! Inhalation 

HI HI ELCR HI 

8.42E--o6 
1.68E-03 

8.11E-06 
l.63E--03 

1.66E--05 
2.l7E-05 3.31E-03 

O.OOE+OO 
2.47E--Q5 

ToW 
ELCR 

O.OOE+OO 
2.11E-05 

! I .. ~'.:'~" I "" 
Concemmion I IT.I,;;;'"'"''io~,;TnDo""""""''"o-;;;;;R'r;:;:t:;\;;;''f'~~~T;;"~~-. 

[m~/k ] HI HI 

rul'\\11yWorkers 
lllhalalion T,w II ELCR m ELCR 

C•OIQ 
c 

Cr(lll 
c I) 

em 
Cr(Vl 

1.83E+OI 
1.83E+Ol 

I .... = Point 

eo:~ion 

1.831'.+01 
1.80E+OI 

[m /k I 

l.l2E+02 
l.12E+02 

8.95E--o6 
1.79£--(]3 

Ingestion 
HI 

7.16E--Q6 
1.43E---03 

Ingestion 
HI 

4.39E-05 
8.75E-03 

IL68E--o6 
1.74E--(]3 2.47E-05 

1.761'.-05 I 
3.53E--Q3 

COD!ilructlon WurkN 
Dermal Contact Inhalation 

HI ELCR HI 

6.951'.--(]6 1!.4\E-05 
1.39E--Q3 2.17E--Q5 2.82E--(]3 

Construction Work..-
Dermal Contaet Inhalation 

HI ELCR HI 

4.24E--05 8.63E--Q5 
8.49E--(]3 2.171'.--Q5 L72E--02 

O.OOE+OO 
2.47E--OS 

ToW I ELCR 

O.OOE+OO 
2.17£--(]S 

ToW 
ELCR 

O.OOE+OO 
2.11E--05 

6.33E-06 1.08£--(]6 
1.27E--03 2.17E--D4-

t'tton I Derm~fontacr I 
7.24&06 L24E--Q6 
1.45E--03 2.48£-04 

""*"'~'"-"'""-"'-'0 

T""""' 
Inhalation I Tmal I ELCR HI ELCR 

I HIE-06 O.OOE+OO 
2.40E-05 1.49E-03 2.40E--o5 

T'"'"""' 
lllhalation I ToW I ELCR HI ELCR 

8.48E--{)6 O.OOE+OO 
2.4-0E--(]5 1.70E-03 2.40E-OS 



EM Science RIJFS 
Ciocl....,.OI"o 

TAIILE 6-ll: EVALUATION OF RISK UNCERTAINI"Y ASSOCIATED WITH VALENCE STATE OF CHROMIUM lN SOIL 

Site Wide 

[ Exposure 
Oo ro " Workers i Point 

j Co::~':~ian 1 Ingestion Dermal Contact Inhalation Tala! Ingestion 
m m ELCR m ELCR HI 

Cr(III) 1.96E+Ol 9.58E-06 9.29E-o6 1.89E·05 O.OOE+OO 7.75E-06 
Cr(VI) 1.96E+OI 1.92E-03 1.86E..{l3 2.47E-05 3.78E-03 2.47E-05 1.55E-03 

~ 

, Exposure 

i Point Co"'tmclion Worker 
Concen~\ion Ingestion Donna! ContaL1 Inhalation Total I [m /k I HI HI ELCR HI ELCR 

Crlltl 5.13E+OI 2.01E-05 l.95E-05 3.96E-05 I O.OOE+OO 

~IL 5.!3E+Ol 4.02E-03 3.90E-03 2.17E·05 7.92E·03 2.17E-05 

Tres asser 
Dermal Contact Inhalation 

m ELCR 

T 1.33E-06 I 
2.65£-()4 2.40E-05 

"'II4J% 
"'*"'No. 0)00.$0.!0 

Tow 
HI ELCR 

i 9.08E..{l6 I O.OOE+OO 
1.82E-03 2.40E-05 

I 




